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POLY-GAMMA-GLUTAMIC ACID CONJUGATES FOR ELICITING IMMUNE RESPONSES 

DIRECTED AGAINST BACILLI 



5 PRIORITY CLAIM 

This application claims the benefit of U.S. Provisional Patent Application No. 60/476,59 
filed June 5, 2003, which is incorporated herein by reference in its entirety. 



FI£LD OF THE DISCLOSURE 

10 This invention relates to the field of immunology and, more specifically, to immunogenii 

compositions and methods for eliciting an effective immune response against Bacillus anthracis (. 
anthracis). 



BACKGROUND 

1 S Anthrax is an acute infectious disease caused by the bacterium B. anthracis. Anthrax mc 

commonly occurs in wild and domestic lower vertebrates (cattle, sheep, goats, camels, antelopes, 
other herbivores), but it can also occur in humans, for example, when they are exposed to infected 
animals or tissue from infected animals, or anthrax spores. 

The virulence of B, anthracis is dependent on Anthrax Toxin (AT), and die poly-7-D- 

20 glutamic acid capsule (7DPGA). The genes for the toxin, and iht capsule, are carried by plasmids 
designated pXOl and pX02, respectively (Mikesell et al. Infect Jmmun. 39:371-76, 1983; Vodkin 
a/., C€// 34:693-97, 1983; Green etai, Infect. Immiin. 49:291-97, 1985). AT is composed of three 
entities: Protective Antigen (PA) (the binding subunit of AT), and two enzymes known as Lethal 
Factor (LF) and Edema Factor (EF) (Mikesell et al. Infect, Immun. 39:371-76, 1983; Vodkin et al 

25 Cell 34:693-97, 1983). PA is an 83 kDa protein that is the main protective constituent of anthrax 
vaccines. 

PA is necessary for vaccine immunogenicity (Ivins et al, Infect. Immun. 60:662-68, 1991 
Welkos and Friedlander, Microbe Pathog. 5:127, 1998). Antibodies against PA prevent anthrax to 
from binding to host cells, thus abrogating toxicity (Little and Ivins, Microbes. Infect. 1:131-39, 

30 1999). Additionally, antibodies to PA can inhibit the germination of spores while improving their 
phagocytosis and killing by macrophages (Welkos etal., Microbiology 147:1677-85, 2001). 
Unfortunately, the currently licensed human anthrax vaccine (AVA, BioPort Corporation, Lansing 
MI) requires six vaccinations over eighteen months followed by yearly boosters to induce and 
maintain protective anti-PA titers (Pittman et al. , Vaccine 20: 14 1 2-20, 2002; Pittraan et al., Vaccii 

35 20:972-78, 2001), In some vaccines, this regimen is associated with undesirable local reactogenic 
(Pitttnan et ai. Vaccine 20:972-78, 2001). 

Thus, while certain prophylactic and treatment schemes may prove useful in preventing 0 
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directed toward anflirax. Inparticular, there is a need for an effective and safe vaccine ti^ 
require fewer doses to confer inununity to anthrax. 

BRIEF SUMMARY OF SPECIFIC EMBODIMENTS 
S An immunogenic conju^te is disclosed herein. The immunogenic conjugate includes a 

Bacillus capsular poly-7-ghitamic acid (7PGA) polypeptide covalently Imked to a carrier, wherein the 
conjugate elicits an immune response in a subject. A con^osition including the immunogenic 
conjugate and a pharmaceutically acceptable carrier is also disclosed herein. 

A method of eliciting an immune response against a Bacillus antigenic epitope in a subject is 
10 also disclosed. The method includes introducing into the subject a con^osition including the 
immunogenic conjugate and a pharmaceutically acceptable carrier, thereby eliciting an immune 
response in the subject Optionally, the composition includes an adjuvant 

Further disclosed herein are isolated antibodies that bind to the Bacillus 7PGA polypeptide. 
In one endbodiment, the isolated antibodies recognize antigenic epitopes on both the Bacillus 7PGA 
15 polypeptide and the canier protein. 

BRIEF DESCRIPTION OF THE FIGURES 
FIG. 1 is a GLC-MS spectrum analysis of the ;PA-Cys-Gly3-7DPGAio-C conjugate, 
demonstrating that L-Glu can be separated firom D-Glu and measured in order to calculate the number 
20 of tDPGA chains incorporated into the protein of the conjugate. 

FIG. 2A-2D are a set of MALDI-TOF spectra, showing the mass spectra of recombinant B, 
anthracis rPA (HG. 2A); Br-rPA (FIG. 2B); rPA-Cys-Gly3-'^PGA,o-C conjugate containing an 
average of 1 1 7DPGA chams per rPA (FIG. 2C)\ and rPA-Cys-Gly3-7DPGAi<rC conjugate 
contaming an average of 16 7DPGA chams per /PA (FIG. 2D). 

25 

SEQUENCE USTING 
The nucleic and amino acid sequences listed in the accompanying sequence listing are 
shown using standard letter abbreviations for nucleotide bases, and three letter code for amino acids, 
as defined in 37 C.F.R. L822. Only one strand of each nucleic acid sequence is shown, but the 
30 complementary strand is imderstood as included by any reference to the displayed strand. In the 
accon^anying sequence listing: 

SEQ ID NO: 1 is the amino acid sequence of human immunodeficiency virus (HIV)-1 Tat 

protein. 

SEQ ID NOs: 2 and 3 show the nucleic and amino acid sequences ofB. anthracis 
35 protective antigen. 



C ' 

wo 2005/000884 ^ V PCT/US2004/0 17736 



DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS 



Abbreviatiom 



10 



15 



20 



25 



30 



35 



40 



45 



ADH: 

AT: 

ATR: 

EDAC: 

EF: 

iPGA: 

TDPGA: 

TLPGA: 

GLC-MS: 

kDa: 

LC-MS: 

LeTx: 

LF: 

LPS: 

MALDI*TOF: 

Hi: 

PA: 

PBS: 

r£PA: 

rPA: 

SBAP: 

SFB: 

SPDP: 

SLV: 

Terms 



adipic acid dihydiazide 
antbiax toxin 
anthrax toxin receptor 

l-e%l-3-(3-Kiimethylaminopropyl)carbodiiniide-HCl 
tdssBOBi &ctor 

poly-y-glutamic acid capsule from a Bacillus 

poly->D- glutamic acid capsule fromj5. anthrads 
poly-T^-L- glutamic acid capsule from a Bacillus 

gas-liquid chromatography-mass spectrometiy 

kilodahons 
liquid chromatography-naass spectrometiy 

lethal toxin 

lethal factor 

lipopolysacchaiide 

matrix-assisted laser desoiption ionization time-of-ffight 

microgram 

microliter 

protective antigen 

phosphate buffered saline 

TtcojxSamaDXPsetidornonas aeruginosa exotoxin A 

recombinant B, anthrads protective antigen 

succinimidyl 3-(bromoacetamido) propionate 

siiccinimidylformylbenzoate 

;\r-hydroxysuccimniide ester of 3-(2-pyridyl dithio)-propionic 
acid 

succinimidyllevulinate 



Unless otherwise noted, technical terms are used according to conventional usage. 
Defmitions of common terms in molecular biology may be found in Benjamin Lewin, Genes VII, 
published by Oxford University Press, 2000(ISBN019879276X);Kendrewe/fl/. (eds.), The 
Encyclopedia of Molecular Biology, published by Blackwell Publishers, 1994 (ISBN 0632021829); 
and Robert A. Mtym(ed,%Molecular Biology and Biotechnology: a Comprehensive Desk 
Reference, published by Wiley, John & Sons, Inc., 1995 (ISBN 0471186341); and oflier similar 
references. 

As used herein, the singular terms "a," "an,'' and W inchide plural referents unless context 
clearly indicates otherwise. Similarly, die word "or" is intended to include "and" unless the context 
clearly indicates otherwise. Also, as used herem, the term "comprises" means 'includes." Hence 
"con^rising A or B" means including A, B, or A and B. It is further to be understood that aU 
nucleotide sizes or amino acid sizes, and all molecular weight or molecular mass values, given for 
nucleic acids or polypeptides are approximate, and are provided for description. Although methods 
and materials similar or equivalent to those described herein can be used in the practice or testing of 
the present disclosure, suitable methods and materials are described below. All publications, patent 
appUcations, patents, and other references mentioned herein are incorporated by reference in their 
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entirety. In case of conflici; the present specification, including e^qjlanations of tenns, wiO control. 
In addition, the materials, methods, and examples are illustrative only and not intended to be limiting. 

In order to facilitate review of the various endx)diments of this disclosure, Ae following 
e^Ianations of specific terms are provided: 

5 

Adjuvant: A substance that non-specifically enhances the immune response to an antigen. 
Development of vaccine adjuvants for use in humans is reviewed in Singh et al {Nat BiotechnoL 
17:1075-1081, 1999), which discloses that, at the time of its publication, aluminum salts, such as 
aluminum hydroxide (Anq>hogel, Wyeth Laboratories, Madison, NJ), and the MF59 microemulsion 
10 aie the only vaccioe adjuvants s^ioved for human use. 

In. one embodiment an adjuvant includes a DNA motif that stimulates immune activation, 
for example the innate immune response or the adaptive iimnune response by T-cells, B-cells, 
monocytes, dendritic cells, and natural killer cells. Specific, non-limiting txaxap\s& of a DNA motif 
that stimulates inmoune activation include CpG oligodeoxynucleotides, as described in U.S. Patent 
15 Nos. 6,194388; 6,207,646; 6,214,806; 6,218,371; 6,239,1 16; 6,339,068; 6,406,705; and 6,429,199. 

Analog, Derivative or Mimetic: An analog is a molecule tiiat differs in chemical structure 
from a parent confound, for exanple a homolog (differing by an increment in the chemical structure, 
such as a difference in the length of an alkyl chain), a molecular fragment, a structure that differs by 
one or more functional groups, a change in ionization. Structural analogs are often found using 
20 quantitative stracture activity relationships (QSAR), with techniques such as those disclosed in 
Remington {The Science and Practice of Pharmacology, 19th Edition (1995), chapter 28). A 
derivative is a biologically active molecule derived from the base stmcture. A mimetic is a molecule 
that mimics the activity of another molecule, such as a biologically active molecule. BiologicaQy 
active molecules can include chemical structures that mimic the biological activities of a compound. 
25 Animal: living multi-^Uularveitebrate organisms, a category that mcludes, for exan^le, 

mammals and birds. The term mammal includes both human and non-human mawmialig , Similarly, 
the temi "subject" includes both human and veterinary subjects, for exan^le, humans, non-human 
primates, dogs, cats, horses, and cows. 

Antibody: A protein (or protein co^^)lex) that includes one or more polypeptides 
30 substantially encoded by immxmoglobulin genes or fragments of immunoglobulin genes. The 

recognized immunoglobulin genes include the kappa, lambda, alpha, gamma, delta, epsilon, and mu 
constant region genes, as well as the myriad immunoglobulin variable region genes. Light chains are 
classified as either kappa or hunbda. Heavy chains are classified as gamma, mu, alpha, delta, or 
epsilon, yvitdch in tum define Ae immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively. 
35 The basic immunoglobulin (antibody) stmctural unit is generally a tetramer. Each tetramer 

is con?>osed of two identical pairs of polypeptide chains, each pair having one "ligiht" (about 25 kDa) 
and one 'Tieavy" (about 50-70 kDa) chain. The N-traninus of each chain defines a variable region of 
about 1 00 to 1 1 0 or more amino acids primarily responsible for antigen recognition. TTie terms 
"variable light chain" (VO and "variable heavy chain" (Vh) refer, respectively, to these light and 
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heavy chains. 

As used herein, ihe tenn '^tibodies" inchides intact immunoglobulins as wefl as a number 
of weU-characterized ftagments. For instance, Fabs, Fvs, and single^hain Fvs (SCFvs) that bind to 
taiget protein (or epitope within a protein or fusion protein) would also be specific binding agents for 
S diat protein (or epitope). These antibody firagments are defined as foDows: (1) Fab, the fragment 
which contains a monovalent antigen-binding ftagment of an antibody molecule produced by 
digestion of whole antibody witfi the enzyme papain to yield an intact light chain and a portion of one 
heavy chain; (2) Fab', the fiagment of an antibody molecule obtained by treating wbole antibody with 
pepsin, followed by reduction, to yield an intact light chain and a portion of tiie heavy chain; two 
1 0 Fab' fiagments are obtained per antibody molecule; (3) (Fab% flie fiagment of the antibody obtained 
by treating whole antibody with the enzyme pepsin without subsequent reduction; (4) F(ab % a dimer 
of two Fab' fiagments held togedier by two disulfide bonds; (5) Fv, a genetieaUy engmeered 
fiagment contairnqg the variabte region of the light chain and the variable region of the heavy chain 
expressed as two chains; and (6) smgle cham antibody, a genetically engineered molecule containing 
tiie variable region of the Hght chain, flie variable region of tiie heavy chain, linked by a suitable 
polypeptide linker as a genetically fused single chain molecule. Metiiods of making titese fiagments 
are routine (see, for example, Harlow and Lane, Using Antibodies: A Laboratory Manual, CSHL, 
New York, 1999). 

Antibodies fi)r use m flie methods and devices of this disclosure can be monoclonal or 
polydonaL Merely by way of example, monoctonal antibodies can be prepared from murine 
hybridomas according to die classical method of Kohler and Nfilstein (Nature 256:495-97, 1975) or 
derivative methods thereof Detailed procedures for monoclonal antibody production are described in 
Harlow and Lane, Using Antibodies: A Laboratory Manual, CSHL,if ewYoA, 1999. 

Antigen: A cornpound, composition, or substance that nnay be specifically bound by die 
25 products of specific humoral or celhilar immunity, such as an antibody molecule or T^D receptor. 
In one embodiment, an antigen is a Bacillus antigen, such as -jPGA. 

Bacillus: A genus of bacteria whose collective feaftires include degradation of most 
substrates derived fiom plant and animal sources, including cellulose, starch, pectin, proteins, agar, 
10«lrocarbons, and otiiers; antibiotic production; nitrification; denitiification; nitrogen fixation; 
30 fiicultative lithotrophy; autotrophy; acidophily; alkaliphily; psychrophily. fliennophily and parasitism. 
Spore formation, universaBy found in the genus, is thought to be a strategy for survival in die soil 
environment, wherein the bacteria predominate. Aerial distribution of dormant spores Ukely explains 
die occurrence of Bacillus species in most habitats examined. 

There are more tiian 40 recognized species in the genus Bacilha (Bergeys Manual of 
35 Systematic Bacteriology Vol. 2 (1986)). These inchide, but are not limited to, B. acidocaldarius. B. 
alkalophilus, B. alvei, B. anthrads, B. azotqfomums, B. badius, B: brevis, B. cereia, B circulans, B. 
coagulam, BfasHdiosis, B.flrmus.B. globisporus. B. insolitus, B. larvae, B. laterosponis. B. 
lentimorbus. B. lentus, B. licheniformis. B. tnacerans. B. macquariensis. B. marinus. A megaterium. 
B. mycoides. B. pantothenticusfi. pasteurn. B. polyinyxa. B. popUlia. B. pumttus. B. schlegelu. B. 



20 
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sphaericus, B, stearoihermophilus, B, suMlis, and A Auringiensis. In one specific, non-limiting 
exanq)Ie, a Bacillus is Bacillus onAracis^ tl» agent that causes anlbiax. 

Bacillus Anihracisi The etiologic agent of antbrax, Bacillus anihracis is a laige» gram- 
positive, nonmotile, spore-fomiing bacterial rod The virulence of A anihracis is dependent on AT, 
5 and the 7DPGA capsule. The genes for the toxin, and the capsule, are carried by plasmids, 

designated pXOl and pX02, respectively (Mikesell et al. Infect Immwi. 39:371-76, 1983; Vodkin et 
al, Ce// 34:693-97, 1983; Green etal. Infect. Immum 49:291-97, 1985). 

AT is con9x>sed of three entities: PA (the binding subunit of AT), and two enzymes known 
as LF and EF (MikeseU et al. Infect Immun. 39:371-76, 1983; Vodkin et aL, Cell 34:693-97, 1983). 
10 PA is an 83 ld>a protein that is the main protective constituent of anthrax vaccines. PA binds to the 
antfuax toxin recq)tor (ATR) on cells and is then proteolytically cleaved by the enzyme fimn with 
release of a 20 kDa fragment (Bradley ail, Nature 414:225-29, 2001; KUxnpel et al, PNAS 
89:10277-81, 1992). The 63 kDa PA remnant (PAea) features a second binding domain and binds to 
either EF, an 89 kDa protein, to form edema toxm, or LF, a 90 kDa protein, to form lethal toxin 
15 (LeTx) (Leppla et al, Salisbury Med, Bull Suppl 68:41-43, 1990). The resulting conqjlex is 
internalized into Ae ceU within endosomes (Singh et al. Infect Inmun, 67:1853-59, 1999; 
Friedlander,/ Biol Chem. 261:7123-26, 1986). 

The 'jOPGA capsule of ^. anthracis serves as an essential virulence factor during anthrax 
infection, inhibiting host defense mechanisms through inhibition of phagocytosis of the vegetative 
20 cells by macrophages. While oHiGr Bacillus produce 7PGA in a mixture of both D- and L-forms, only 
B. anthracis is known to synthesize it exclusively in a D-conformation (Kovdcs et al, J. Chem. Soc, 
4255-59, 1952). When injected, 7DPGA has been shown to be a poor immunogen (Eisner, Scbweis, 
Z Pathol Bakteriol 22:129-44, 1959; Ostroff a/., Proc, &c. iSg?. Biol Med. 99:345-47, 1958). 
The capsxie also shields the vegetative form of ^. anthracis fiom agglutination by monoclonal 
25 antibodies to its cell wall polysaccharide (Ezzcll et al, J. Clm. Microbiol 28:223-31, 1990). 

Carrier: An immunogenic macromolecule to which an antigenic but not highly 
immunogenic molecule, such as, for example, a homopolymer of 7PGA, can be bound. When bound 
to a carrier, the bound molecule becomes more immunogenic. Carriers are chosen to increase the 
immunogenicity of the bound molecule and/or to elicit antibodies against the carrier which are 
30 diagnostically, analytically, and/or therapeutically beneficial. Covalent linking of a molecule to a 
carrier confers enhanced immunogenicity and T-cell dependence (Pozsgay et al^ PNAS 96:5194-97, 
im;Leeetal, J. Immunol 116:1711-18, 1976; Dinlzisc/fl/.,7Wy4573:3671-75, 1976). Useful 
carriers include polymeric carriers, which can be natural (for cxanq)le, polysaccharides, polypeptides 
or proteins fix)m bacteria or viruses), semi-syntiietic or synthetic materials containing one or more 
35 functional groi^^s to which a reactant moiety can be attached. 

Examples of bacterial products for use as carriers include bacterial toxins, such as B. 
anthracis PA (including fragments tiiat contain at least one antigenic epitope and analogs or 
derivatives capable of eliciting an immune response), LF and LeTx, and other bacterial toxins and 
toxoids, such as tetanus toxin/toxoid, diphtheria toxin/toxoid, P. aeruginosa exotoxin/toxoid/, 
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pertussis toxm/toxoid, and C perfiingens exofoxin/toxoid. Viral proteins, such as hepatitis B surftce 
antigen and core antigen can also be used as carriers, as well as proteins fium higher organisms such 
as keyhole linqjct hemocyanin, horseshoe crab hemocyanin, edestin, matnmaKan serum albumins, 
and m a mmali a n immunoglobulins. Additional bacterial products for use as carriers include bacterial 
5 wall proteins and o±er products (for example, streptococcal or st^hylococcal cefl walls and 
lipopolysaccharide (LPS)). 

Covalent Bond: An interatomic bond between two atoms, characterized by the sharing of 
one or more pairs of electrons by the atoms. The terms "covalently bound" or "covalently linked" 
refer to making two separate molecules into one contiguous molecule. TTie terms include reference to 
10 joining a -yPGA polypeptide directly to a carrier molecule, and to joining a 7PGA polypeptide 
indirectly to a carrier molecule, with an intenrening linker molecule. 

Epitope: An antigenic deteraainant These are particular chemical groups or contiguous or 
non-contiguous peptide sequences on a molecule that are antigenic, that is, diat elicit a specific 
inunune response. An antibody bnufa a particular antigenic epitope based on the three dimensional 
1 5 structure of the antibody and the matching (or cognate) epitope. 

7PGA: A homopolymerofglutamic acid residues linked by 7 peptide bonds. Theghitamic 
acid residues constituting the 7PGA homopolymer can be solely in the L-form (7LPGA) or the D- 
form (7DPGA). When the form of the glutamic acid residues constituting the 7PGA homopolymer 
can be either the L-fonn or the D-form, or when the two forms are mixed in a single molecule, the 

20 term 7PGA is used. The weakly immunogenic and antiphagocytic capsule found on many species of 
Bacillus, which disguises the bacilli firom inunune surveillance, consists of 'yPGA. 

7PGA Conjugate: A naturally occurring 7PGA polypeptide produced by A anthracis or 
anoAer Bacillus species or strain covalently linked to a carrier, as well as conjugates of a carrier wift 
a polypeptide fragment, synthetic polypeptide, or chemically modified derivative of a '^GA 

25 polypeptide. In some enabodiments, the 7PGA conjugate will con^rise a conjugate of a carrier 

protein with a synthetic 7PGA polypeptide having a selected peptide lengtii and corresponding to a 
portion of a -yPGA polypeptide fi^m A anthracis or another Bacillus species or strain that possesses a 
TPGA capsule. 

Homopolymer: This term refers to a polymer formed by tiie bonding together of multiple 
30 units of a single type of molecular species, such as a single monomer (for example, an amino acid). 

Immune Response: A response of a ceD of the immune system, such as a B-cell, T-cell, 
macrophage or polymorphonucleocyte, to a stimulus. An immune response can include any cell of 
the body involved in a host defense response for exanple, an epithehal cell tiiat secretes interferon or 
a cytokine. An unmune response includes, but is not limited to, an innate immune response or 
35 mfiammation. 

Immunogenic Conjugate or Composition: A term used hercm to mean a con^iosition 
useiul for stimulating or eliciting a specific immune response (or immunogenic response) in a 
vertebrate. In some embodiments, the immunogenic response is protective or provides protective 
immunity, in fliat it enables the vertebrate animal to better resist infection or disease progression from 
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Ibe organism against which the immunogenic conqx>sition is directed 

Without wishing to be bound by a q)ecific theory, it is believed that an inmumogenic 
response can arise fix>m the generation of an saxtHbddy specific to one or more of the epitopes 
provided in the immunogenic con^xisition. The response can include a T-he^>er or cytotoxic cell- 
5 based req)onse to one or more ofthe epitopes provided in Ifaeinnnunogenicconq^ AllAree 
of these responses may originate from naive or memory cells. A response can also include 
production of cytokines. One specific exan^le of a type of immunogenic conqwsition is a vaccine. 

Inununogen: A con^)ound, conq)osition, or substance which is capable, under appropriate 
conditions, of stimulating the production of antibodies or a T-cell response in an animal, including 
1 0 conqsositions that are injected or absorbed into an animal. 

ImmimoiogicaUy Effective Dose: An immunologically effective dose of the '^GA 
conjugates of die disclosure is therapeutically effective and will prevent, treat, lessen, or attenuate the 
severity, extent or duration of a disease or condition, fiK^canq>le, infection by anthracis. 

Inhibiting or Treating a Disease: Lahibiti^g the full development of a disease or condition, 
IS for example, in a subject 1^ is at risk for a disease such as antibrax *Treatn]ent" refeis to a 

therapeutic intervention that ameliorates a sign or symptom of a disease or pathological condition 
after it has begun to develop. As used herein, the term "ameliorating," with reference to a disease, 
pathological condition or synq>tom, refers to any observable beneficial effect of the treatment The 
beneficial effect can be evidenced, for exannple, by a delayed onset of clinical symptoms of the 
20 disease in a susceptible subject, a reduction in severity of some or all clinical symptoms of die 

disease, a slower progression of the disease, a reduction in the nuinber of relapses of the disease, an 
inprovement in the overall health or well-being of the subject, or by other parameters well known m 
Ibe art that are specific to the particular disease. 

Isolated: An ''isolated*' microorganism (such as a virus, bacterium, fimgus, or protozoan) 
25 has been substantially separated or purified away from microorganisms of different types, strains, or 
species. Microoiganisms can be isolated by a variety of techniques, including serial dilution and 
culturing. 

An "isolated" biological con^onent (such as a nucleic acid molecule, protein or organelle) 
has been substantially separated or purified away from other biological conponents in the cell of the 

30 organism in which the conq>onent naturally occurs, such as other chromosomal and extra- 
chromosomal DNA and RNA, proteins, and organelles. Nucleic acids and proteins that have been 
"isolated" include nucleic acids and proteins purified by standard purification methods. The term 
also embraces ruicleic acids and proteins prepared by recombinant expression in a host cell, as well as 
chemically synthesized nucleic acids or proteins, or fragments thereof. 

35 Linker: A molecule that joins two other molecules, either covalently, or fiirough ionic, van 

der Waals or hydrogen bonds. 

Opsonin: A macromolecule that becomes attached to the surface of a microbe and can be 
recognized by surface receptors of neutrophils and macrophages and diat increases the efficiency of 
phagocytosis of the microbe. Opsonins include IgG antibodies, which are recognized by the Fcy 
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receptor on phagocytes, and fragments of complement proteins, which are recognized by CRl 
(CD3S) and by the leuloKyte integrin Mac-1. 

Opsonophagoqiosis: The process of attaching opsonins to microbial surfaces to target the 
microbes for phagocytosis. 
5 PA-based Immunogen: A term used herein to refer to all forms of PA which are useful in 

inmunogenic con^ositions and/or methods of the disclosure, including unmodified native or 
recombinant B. anthracis PA, or a variant or fragment thereof. Variants and fragments of PA are 
effective to elicit an anti-PA immune response in a subject to whom tbey are administered. 

Pharmaceutically Acceptable Carriers: The pharmaceuticaUy acceptable earners 
10 (vehicles) usefiil in tiiis disclosure are conventional. Remington 's Pharmaceutical Sciences, by E. W. 
Martin, Mack Publishing Co., Easton, PA, 15th Edition (1975), describes conqjositions and 
formulations suitable for pharmaceutical deliveiy of one or more therapeutic conqwunds or 
molecules, such as one or more SARS-CoV nucleic acid molecules, proteins or antibodies that bind 
these proteins, and additional pharmaceutical agents. 

^ general, the nature of flie carrier will depend on die particular mode of administration 
being en^Ioyed. For instance, parenteral fonnulations usually comprise injectable fluids that include 
pharmaceutically and physiologicaUy acceptable fluids such as water, physiological saline, balanced 
salt solutions, aqueous dextrose, glycerol or the like as a vehicle. For solid conqwsitions (for 
exan^jle, powder, pill, tablet, or capsule forms), conventional non-toxic solid carriers can include, for 
example, pharmaceutical grades of mannitol, lactose, starch, or magnesium stearate. In addition to 
biologically-neutral carriers, pharmaceutical compositions to be administered can contain minor 
amounts of non-toxic auxiliary substances, such as wetting or emulsifying agents, preservatives, and 
pH buffering agents and the like, for example sodium acetate or sorbitan monolaurate. 

Polypeptide: A polymer in which the monomers are amino acid residues which are joined 
25 together through amide bonds. When die amino acids are alpha-amino acids, either die L-optical 

isomer or the D-optical isomer can be used. The terms '^polypeptide" or 'protein'* as used herein arc 
intended to encompass any amino acid sequence and include modified sequences such as 
glycoproteins. The term ^polypeptide" is specifically intended to cover naturaUy occurring proteins, 
as well as fliose which are recombinantly or synthetically produced. 

••residue" or "amino acid residue" mcludes reference to an amino acid that is 
incorporated into a protein, polypeptide, or peptide. 

Conservative amino acid substitutions are those substitutions that, when made, least interfere 
with die properties of the original protein, fliat is, the structure and especially the fimction of the 
protein is conserved and not significanUy changed by such substitutions. Exanqjles of conservative 
35 substitutions are shown below. 



20 



wo 2005/000884 ^ ^ PCT/US2004/017736 



10 



Original Residue Conservative Substitutions 
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Ala 


Ser 


Arg 


Lys 


Asn 


Gin, His 


Am* 

Asp 


Glu 


Cys 


Ser 


tiin 


Asn 


Ohi 


Asp 


His 


Asn; Gin 


He 


Leu, Val 


Leu 


De;Val 


Lys 


Arg; Gin; Glu 


Met 


Leu; lie 


Phe 


Met; Leu; Tyr 


Ser 


Thr 


Thr 


Ser 


Tip 


Tyr 


Tyr 


Tip; Phe 


Val 


He; Leu 



Conservative substitutions generally maintain (a) the structure of the polypeptide backbone 
in the area of the substitution, for exanple, as a sheet or helical conformation, (b) flie charge or 
25 hydrophobicity of die molecule at the target site, or (c) the bulk of the side chain. 

The substitutions vMch in general are e3q>ected to produce greatest changes in protein 
properties will be non-conservative, for instance changes in which (a) a hydrq)hilic residue, for 
example, seiyl or tfareonyl, is substituted for (or by) a hydrophobic residue, for exanq>le, leucyl, 
isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteine or proline is substituted for (or by) any other 
30 residue; (c) a residue having an electropositive side chain, for exanqile, lysyl, azginyl, or histadyl, is 
substituted for (or by) an electronegative residue, for example, glutamyl or aspartyl; of (d) a residue 
having a bulky side chain, for exanq)le, phenylalanine, is substituted for (or by) one not having a side 
chain, for example, glycine. 

Protective Antigen (PA): One of the three con^onents of the anthrax toxin. PA is a 
35 secreted nontoxic protein with a molecular weight of 83 kDa and is the major protective constituent 
of andirax vaccines. PA binds to the ATR on cells and is then proteolyticaUy cleaved by the enzyme 
fiirin with release of a 20 kDa fragment (Bradley et aL, Nature 414:225-29, 2001 ; Klimpel et al, 
PNAS 89:10277-81, 1992). The 63 kDa PA remnant (PA©) features a second binding domain and 
binds to eidier EF, an 89 kDa protein, to fonn edema toxin, or LF, a 90 kDa protein, to form lethal 
40 toxin (LeTx). The sequence of PA is known, for exannple, as encoded by bases 143779 to 146073 of 
GenBank Accession No. NC 007322 (plasroid pXO 1 ; SEQ ID NOs: 2 and 3, nucleic and amino acid 
sequences, respectively). 

Protein: A biological molecule, particularly a polypeptide, expressed by a gene and 
con^rised of amino acids. 

45 Purified: The term **piuified" does not require absolute purity; rather, it is intended as a 

relative tenn. Thus, for example, a purified peptide, protein, 7PGA conjugate, or other active 
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coi^xMind is one that is isolated in whole or in part from naturally associated proteins and other 
contaminants, wherein the peptide, protein, yPGA conjugate, or other active coii5)ound is purified to 
a measurable degree relative to its naturaHy occurring state, for exan^le, relative to its purity within a 
cell extract. In certain embodimwits, the term "substantiafly purified" refe^ 
TPGA conjugate, or o&er active compound tfiat has been isolated from a cell, cell culture medium, or 
other crude preparation and subjected to fractionation to remove various conq>onent5 of the initial 
preparation, such as proteins, cellular debris, and oAer components. Such purified preparations can 
inchide materials in covalent association with the active agent, such as glycoside residues or materials 
admixed or conjugated with the active agent, which may be desired to yield a modified derivative or 
analog of the active agent or produce a combinatorial tiierapeutic foimulation, conjugate, fiision 
protein or the like. The term purified tiius inchides such desired products as peptide and protein 
analogs or mimetics or other biologically active compounds i?i*erein additional coIl^)ounds or 
moieties are bound to the active agent in order to allow for the attachment of other confounds and/or 
provide for formulations usefiil in therapeutic treatment or diagnostic procedures. GeneraUy, 
1 5 substantiaUy purified peptides, proteins, -^GA conjugates, or other active compounds for use witiiin 
the disclosure con9}rise more than 80% of all macromolecular species present in a preparation prior 
to admixture or formulation of the peptide, protein, iPGA conjugate or oAer active confound with a " 
pharmaceutical carrier, excipient, bufifer, absorption enhancing agent, stabilizer, preservative, 
adjuvant or other co-ingredient in a conq)lete pharmaceutical formulation for therapeutic 
administration. More typically, the peptide, protein, 7PGA conjugate or other active compound is 
purified to represent greater than 90%, often greater tiian 95% of aU macromolecular species present 
in a purified preparation prior to admixture with other formulation ingredients. In other cases, the 
purified preparation may be essentially homogeneous, wherem oflier macromolecular species are not 
detectable by conventional techniques. 

Recombinant Nucleic Add: A sequence that is not naturally occurring or has a sequence 
that is made by an artificial combination of two otherwise separated segments of sequence. This 
artificial combination is often accomplished by chemical synthesis or, more commonly, by the 
artificial manipulation of isolated segments of nucleic acids, for example, by genetic engineering 
techniques such as those described in Sambrook ei al (ed.), Molecular Chning: A Laboratory 
30 Manual, 2"** ed., vol. 1-3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY. 1989. The 
term recombinant includes nucleic acids that have been altered solely by addition, substitution, or 
deletion of a portion of the nucleic acid. 

Specific Binding Agent: An agent tiiat binds substantially only to a defined target. Thus a 
protein-specific binding agent binds substantiaUy only die defined protein, or to a specific region 
35 within the protein. As used herein, a specific bmding agent includes antibodies and other agents that 
bind substantiaUy to a specified polypeptide. The antibodies may be monoclonal or polyclonal 
antibodies that are specific for flie polypeptide, as weU as immunologically ejffective portions 
("fragments") thereof 
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The detenmnation that a particular agent binds substantially only to a specific polypeptide 
may readily be made by using or adapting routine procedures. One suitable in vitro assay makes use 
of the Western blotting procedure (described in many standard texts, including Hailow and Lane, 
Using Antibodies: A Laboratory Manual, CSSL, New York, 1999). 
5 Spore: A small, usuaUy single-K^eDed reproductive bocfy diat is highly resistant to 

desiccation and heat and is capable of growing into a new organism, produced especially by certain 
bacteria, fungi, algae, and non-flowering plants. Spores have proven to be the most durable type of 
cell found in nature, and in their cryptobiotic state of dormancy, they can remain viable for extremely 
long periods of time, perhaps millions of years. Spores do not form normally during active growth 
1 0 and cell divisioa Rather, their differentiation begins when a population of vegetative cells passes out 
of the exponential phase of growth, usuaUy as a result of nutrient depletion. Typically, one spore is 
formed per vegetative cell. In some examples, the mature spore is Uberated by lysis of the moflier 
cell (sporangium) in ^ch it was formed. 

Mature spores have no detectable metabolism, a state that is described as cryptobiotic. They 
15 are highly resistant to environmental stresses such as high temperature (some spores can be boiled for 
several hours and retain their viability), irradiation, strong acids, disinfectants, and the like. Although 
cryptobiotic, they retain viability indefinitely such that under appropriate enviromnental conditions, 
they germinate into vegetative cells. 

Therapeutically Effective Amount: A quantity of a specified agent sufficient to achieve a 
20 desired effect in a subject bemg treated widi that agent For exan^le, this may be the amount of a 
HDPGA conjugate useful in increasing resistance to, preventing, ameliorating, and/or treating 
infection and disease caused by B. anthracis infection in a subject Ideally, a then^eutically effective 
amount of an agent is an amount sufficient to increase resistance to, prevent; ameliorate, and/or treat 
infection and disease caused by A anthracis infection in a subject without causing a substantial 
25 cytotoxic effect in the subject The effective amount of an agent useful for increasing resistance to, 
preventing, ameliorating, and/or treating infection and disease caused by A anthracis infection m a 
subject will be dependent on the subject being treated, the severity of the affliction, and the manner of 
administration of the therapeutic conq^osition. 

Toxoid: A nontoxic derivative of a bacterial exotoxin produced, for exanple, by 
30 formaldehyde or other chemical treatment Toxoids are useful in the formulation of immunogenic 
compositions because they retain most of the antigenic properties of the toxins from which they were 
derived. 



/// Description of Several Embodments 
35 A, Bacillus '^PGA Polypeptide- Carrier Conjugates 

Bacillus capsular 7PGA polypqptide - carrier conjugates (7PGA conjugates) are disclosed 
herein. The i^GA conjugates ehcit an immune response in a subject, and inhibit or treat infection 
and/or disease caused by B. anthracis or other bacilli 

The weakly immunogenic and antiphagocytic -yPGA capsule, which consists of glutamic 
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acid residues liolad by y peptide bonds, disguises die bacilli fiom immune surveillance. As disclosed 
herein, Baciam capsular tPGA polypeptides include, but are not limited to, B. anthrads, B. 
lichenifomis, B. pumihis, and B. subtUis -fiOA polypeptides. AU Bacillus besides B. anthrads lliat 
are known to produce iPGA make a mixtuie of bofli die D- and L-foims, 'wbeteas B. anthrads 
5 produces exclusively -jOPGA. In one enibodinaent,flie'^H3A conjugates disdosed herein are 

conjugates. In another embodiment, Ac -jPGA conjugates are -^PGA conjugates. In a specific, non- 
limiting exan^le, the tDPGA conjugate is a A anthrads yDPGA conjugate. 

Badllus capsular -yPGA polypeptides can be isolated by many metiiods well known in tiie 
art, such as salt fractionation, phenol extraction, precipitation wifli organic solvents (for exanple, 
10 hexadecyltrimetiiylanmionium bromide (cetavlon) or eflianol), afiSnity chromatography, ion- 
exchange chromatography, hydrophobic chromatograplqr, high performance liquid chromatography, 
gel filtration, isoelectric focusing, and tiie like. In one specific, non-limiting example. Bacillus 
cqwular -jPGA polypeptides are extracted fmm Ok cultane suponatant of growing bacilli by cetavlon 
prec5)itation, acidification to pH 1.5, prec^tation wifli eAanol, and passage dm>ugh a 2.5 x 100 cm 
15 Sepharose CL-4B cohmm in 0.2M NaCL The conqxtsitions of extracted tPGA polypeptides are 
determined by mefliods weU known in the art, such as 'H^niclear mignetic resonance (NMR) 
spectroscopy and "C-NMR qiectioscop]^ vMs flieir enantiomeric confirmations can be deteimmed 
by gas-liquid chromatography-mass spectrometry (GLC-MS). 

Syntiietic tPGA polypeptides of varying lengtiis (for exan^le, about 5, 10, 15, or 20 
20 residues) having eitber tiie D- or L-configuration can be readOy synthesized by automated solid phase 
procedures weU known in flie art. Suitable syntheses can be peifoimed by utilizing "T-boc" or "F- 
moc" procedures. Techniques am! procedures for solid phase synthesis are described in Solid Phase 
Pqjtide Syndesis: A Practical Approadi, by E. Atherton and R. C Sheppard, published by IRL, 
Oxford University Press, 1989. In specific, non-limiting examplfis, the synthetic tPGA polypeptide 
25 includes about 1 to about 20 glutamic acid residues, such as about 1 0 to about 15 glutamic acid 
residues, or about 10 glutamic acid residues. The compositions and purity of synthetic -yPGA 
polypeptides can be determmed by GLC-MS and matrix-assisted laser desorption ionization time-of- 
flight (MALDI-TOF) spectrometry. 

Carriers for linking to -yPGA polypeptides as disclosed herein are chosen to increase the 
30 immunogenicity of the tPGA polypeptides and/or to elicit antibodies against the carrier which are 

diagnostically, analytically, and/or therapeuticaUy beneficial. Covalent linking of tPGA polypeptides 
to a carrier confers enhanced immunogenicity and T-ceU dependence. Useful carriers include 
polymeric carriers, vrfiich can be natural, semi-synflietic or syntiietic materials containing one or 
more fimctional groiqw, fat exanq>le primary and/or secondary amino groups, azido groups, hydroxyl 
35 groups, or carbDjqrl groups, to which a reactant moiety can be attached. The carrier can be water 

sohrble or insoluble, and in some embodiments is a protein or polypeptide. Carriers diat fiilfiU diese 
criteria are generally known in flie art (see, for example, Fittametal., Infect. Immun. 58:2309-12, 
1990; Devi et al. PNAS 88:7175-79, 1991; Szu etdl., btfed. Imnwn. 59:4555-61. 1991; SzaetJ., J. 
Exp. Med. 166:1510-24, 1987; and Pavliakova a/., //i/fec/. Immun. 68:2161-66,2000). 
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Specific, non-liimtiiig examples of water soluble polypqjtide earners include, but axe not 
limited to, natural, semi-synthetic or synthetic polypq}tides or proteins from bacteria or viruses. In 
one embodiment bacterial products for use as carriers inchide bacterial wall proteins and other 
products (for example, str^tococcal or st^hylococcal ceU walls and LPS), and sohible antigens of 
5 bacteria. In another embodiment, bacterial products for use as cairim include bacterial 

Bacterial toxins include bacterial products diat mediate toxic effects, inflammatory responses, stress, 
shock, chronic sequelae, or mortality m a susceptible host Specific, non-limiting exanq)les of 
bacterial toxins include, but are not limited to: B. anthracis PA (for exanqile, as encoded by bases 
143779 to 146073 of GenBank Accession No. NC 007322, herein incorporated by reference), 
10 including variants that share at least 90%, at least 95%, or at least 98% amino acid sequence 

homology to PA, fragments that contain at least one antigenic epitope, and analogs or derivatives 
enable of eliciting an unmune response; B, anthracis LP (for example, as encoded by the 
complement of bases 149357 to 151786 of GenBankAccessionNo.NC007322>; bacterial toxins and 
toxoids, such as tetanus toxm/toxoid (for exan5)Ie, as described m U.S. Pat Nos. 5,601,826 and 
15 6,696,065); diphAeria toxin/toxoid (for exan^le, as described in U.S. Pat Nos. 4,709,017 and 

6,696,065); P. aeruginosa exotoxin/toxoid/ (for exanqile, as described m U.S. Pat Nos. 4,428,931, 
4,488,991 and 5,602,095); pertussis toxin/toxoid (for example, as described in U.S. Pat Nos. 
4,997,915, 6399,076 and 6,696,065); and Cperfringens exotoxin/toxoid (for example, as described 
in U.S. Pat Nos. 5,817,317 and 6,403,094). Viral proteins, such as hepatitis B surfece antigen (for 
20 example, as described m U.S. Pat Nos. 5,151,023 and 6,013,264) and core antigen (for exanple, as 
described m U.S. Pat Nos. 4,547^67 and 4,547,368) can also be used as earners, as well as proteins 
from higher oiganisms such as keyhole limpet hemocyanin, horseshoe crab hemocyanin, edestin, 
mammalian serum albiimins, and mammalian immunoglobulins. 

In addition to bacterial and viral products, polysaccharide carriers are also useftil in 
25 preparing Ae -yPGA polypeptide coi^ugates as disclosed herein. Polysaccharide canieis include, but 
are not limited to, dextran, capsuhr polysaccharides fiom microorganisms such as the Vi capsular 
polysaccharide from S. typhi (see, for exan:q>le, U.S. Pat No. 5.204,098); Pneumococcus group 12 
(12F and 12A) polysaccharides; Haemophilus influenzae type d polysaccharide; and certain plant, 
fruit, and synthetic oligo- or polysaccharides which are immunologically similar to capsular 
30 polysaccharides, such as pectin, D-galacturonan, oligogalacturonate, or polygalacturonate (for 
example, as described in U.S. Pat. No. 5,738,855). 

Specific, non-limiting exanq)les of water insoluble carriers useful in preparing the 7PGA 
polypeptide conjugates as disclosed herein inchide, but are not limited to, aminoalkyl agarose (for 
example, aminopropyl or aminohexyl SEPHAROSE; Pharmacia Inc., Piscataway, N.J.), aminopropyl 
35 glass, cross-lmked dextran, and die like, to which a reactive moiety can be attached. Oflier carriers 
can be used, provided fliat a functional group is available for covalently attaching a reactive group. 

Binding of 7PGA polypeptides to a carrier can be direct or via a linker element. Linkers can 
include amino acids, including amino acids capable of forming disulfide bonds, but can also inchide 
other molecules such as, for example, polysaccharides or fragments Aereof. Linkers can be chosen 
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so as to elicit their own imnmnogenic effect wbich may be ei the same, or different, than that 
elicited by die ')PGA polypeptides and/or carriers disclosed herein. For example, such linkers can be 
bacterial antigens ^ch elicit the production of antibodies to an infectious bacteria. In such 
instances, for exanq)le, the linker can be a protein or protein fragment of an infectious bacterium. 
5 The covalent linking of the 7PGA polypeptides disclosed herein to the earner can be carried 

out in any manner well known to one of skill in the art. Conjugation methods applicable to the 
present disclosure include, .by way of non-limiting example, reductive amination, diazo coupling, 
tfaioe&er bond, disulfide bond, amidation and tiiiocarbamoyl chemistries. In one embodiment, the 
7PGA polypeptides and/or the carrier are "activated" prior to conjugation. Activation provides the 
1 0 necessary chemical groups for the conjugation reaction to occur, in one specific, non-Umiting 

exan^le, the activation step includes derivatization with adq>ic acid dihydrazide. hi anodier specific, 
non-limiting example, fhe activation step includes derivatization with the ^-*hydroxy8uccinimide ester 
of 3-(2-pyridyl dithio)-prqpionic acid (SPDP). In yet anodier specific, non-limitmg example, the 
activation step includes derivatization with succinimidyl 3-(bron]oacetamido) propionate (SBAP). 
1 5 Further, non-limiting exan^les of derivatizmg agents inchide succinimidylfonnylbenzoate (SFB) and 
succinimidyllevulinate (SLV). 

Following conjugation of a -yPGA polypeptide to a carrier, the 7PGA polypeptide-carrier 
conjugate can be purified by a variety of techniques well known to one of skill in the art One goal of 
the purification step is to remove the unbound 7PGA polypeptide from the 7PGA polypeptide-cairier 
20 conjugate. One method for purification, involving ultrafiltration in the presence of ammonium 

sulfate, is described m U.S. Pat No. 6,146,902. Alternatively, 7PGA polypeptide*carrier conjugates 
can be purified away from unreacted '^GA polypeptide and carrier by any number of standard 
techniques including, for example, size exclusion chromatography, density gradient centrifiigation, 
hydrophobic interaction chromatography, or ammonium sul&te fractionation. See, for exanqile, 
25 Anderson et al, J, ImmimoL 137:1 181-86, 1986 and Jennings & Lugowski, J. Immunol 127:101 1- 
18,1981. The compositions and purity of die conjugates can be determined by GLC-MS and 
MALDI-TOF spectrometry. 

For tPGA conjugates comprising 7PGA polypeptides bound at one point to a carrier, 
complex structural characteristics determine optimal immunogenicity for synthetic conjugates (see, 
30 for example, Kabat, Prog. Immunol 5:67-S5, 1983; Pozsgay et al, PNAS 96:5194-97, 1999; Lee et 
al, J. Immunol 1 16: 171 1-18, 1976; and Dmtzis et al, PNAS 73:3671-75, 1976). 7PGA polypeptide 
lengths must be sufficient to occupy a cognate antibody combining site. In addition, die density of 
the 7PGA polypeptide on die carrier detennines the ability of the ^PGA conjugate to form both 
aggregates with the sur&ce Ig receptor, and to pemoit interaction of the carrier fragments widi T- 
35 cells. In various embodiments of die present disclosure, iPGA conjugates having a density of '^GA 
polypeptide chains to earner molecule of between about 5:1 to about 32:1, such as about 8:1 to about 
22:1, or about 10:1 to about 15:1, are useful widiin the immunogenic conqx>sitions and methods 
described herein. 
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A Analogs, Derivatives mdMimetics 

Jn additicnial aspects of the disclosure, a ^PGA conjugate, PA-based immunogen, carrier, or 
coiqx)neiit of an unmunogenic conjugate or composition of tibe disclosure, includes a peptide mimetic 
of a naturally occurring or syndietic agent, for example a 7PGA polypeptide derivative of B. anthracis 
5 or anoAer Bacillus species or strain. Exemplary conjugates and con^ositions are provided \)(4uch 
conqTrise a peptide or nonrpeptide molecule that numics the tertiary binding structure and activity of a 
selected native peptide or functional domain (for exanple, immunogenic region or epitope) of a 7PGA 
polypeptide, carrier, linker, PA-based immunogen or other con^>onent of an immunogenic conjugate or 
composition of the disclosure. These peptide mimetics include recombinantly or chemically modified 
1 0 peptides, as well as non-peptide agents such as small molecule drug mimetics, as fiirdier described 
herein. 

Certain peptidomimetic conqiounds are based' upon ibs amino acid sequence of Uie proteins 
and peptides described herein for use witiiin the disclosure, including sequences of bacterial toxins such 
as B. anthracis "9 A (for exanq;>le, as encoded by bases 143779 to 146073 of GenBank Accession No. 
IS NC 007322) and LF (for example, as encoded by the conq^lement of bases 149357 to 151786 of 

GeuBank Accession No. NC 007322). Typically, peptidomimetic confounds are synthetic compounds 
having a three-dimensional structure (of at least part of the mimetic compound) that mimics, for 
example, the primary, secondary, and/or tertiary structural, and/or electrochemical characteristics of a 
selected peptide or protein, or a structural domain, active site, or binding region (for example, a 
horaotypic or heterotypic binding site, catalytic active site or domain, receptor or ligand binding 
inter&ce or domain) thereof. Hie peptide-mimetic structure or partial structure (also referred to as a 
peptidomimetic motif of a peptidomimetic compound) will often share a desired biological activity with 
a native peptide or protein, as discussed herein (for exanq)le, immunogenic activity, such as binding to 
an antibody or a MHC molecule to activate CD8^ and/or €04*^ T-cells). Typically, at least one subject 
biological activity of the mimetic confound is not substantially reduced in comparison to, and is often 
the same as or greater than, the activity of the native peptide on which die mimetic was modeled. 

A variety of techniques well known to one of skill in the art are available for constructing 
peptide and protein mimetics with the same, similar, increased, or reduced biological activity as the 
corresponding native peptide or protein. Often these analogs, variants, derivatives and mimetics will 
exhibit one or more desired activities that are distinct or improved from the conesponding native 
peptide or protein, for example in^oved characteristics of solubility, stability, and/or susceptibility to 
hydrolysis or proteolysis (see, for exanq^le, Morgan & Gainor, Am, Rep, Med. Chem, 24:243-52, 1989). 
In addition, peptidomimetic compounds of the disclosure can have other desired characteristics that 
enhance their ^erapeutic application, such as increased cell permeability, greater afiinity and/or avidity 
for a binding partner, and/or prolonged biological half-life. The peptidomimetics of the disclosure will 
sometimes have a backbone that is partially or conq^letely non-peptide, but with side groups identical to 
the side groups of die amino acid residues that occur in the peptide or protein on which the 
peptidomimetic is modeled Several types of chemical bonds, for exaiiq;)le, ester, thioester, thioamide. 
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retroamide, reduced caibonyl, dimetfaylezie and ketometfaylene bonds, are known in the art to be 
generally useiiil substitutes for peptide bonds in Ae construction of protease-resistant peptidomimetics. 

In one embodiment, peptides (including polypeptides) useful widiin die disclosure are 
modified to produce peptide mimetics by replacement of one or more naturally occurring side chains of 
5 ^20 genetically encoded amino acids (or D-amino acids) with other side chains, for exan^le with 
groups such as alkyl, lower alkyl, cyclic 4-, 5-, 6-, to 7-membered alkyl, amide, amide lower alkyl, 
amide di(lower alkyl), lower alkoxy, hydroxy, caiboxy and tiie lower ester derivatives thereof, and with 
4-, 5-, 6-, to 7-meinbered heterocyclics. For exan^le, proline analogs can be made in which the ring 
size of the proline residue is changed from a 5 membered ring to a 4, 6, or 7 membered ring. Cyclic 
10 groups can be saturated or unsaturated, and if unsaturated, can be aromatic or non-aromatic. 

Hetraocyclic groups can contain one or more nitrogen, oxygen, and/or sulphur heteroatoms. Examples 
of such groups include furazanyl, furyl, imidazolidinyl, imidazole imidazoliny], isoftiazolyl, 
isoxazolyl, morpholinyl (for example, moipholino), oxazolyl, piperazinyl (for example, l*piperazinyl), 
piperidyl (for example, 1-piperidyl, p^)eridino), pyranyl, pyrazinyl, pyrazolidinyl, p^n^azol^yl, 
1 5 pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pynolidiiiyl (for exanople, 1-pynolidinyl), pyrrolinyl, 

pyirolyl, tiiiadiazolyl, thiazolyl, Ifaienyl, tbiomoipholinyl (for exan^le, thiomorpholino), and triazolyl 
groups. These heterocyclic groups can be substituted or unsubstituted. Where a groi^ is substituted, . 
the substituent can be alkyl, alkoxy, halogen, oxygen, or substituted or unsubstituted phenyl. Peptides 
and proteins, as well as peptide and protein analogs and mimetics, can also be covalently bound to one 
20 or more of a variety of nonproteinaceous polymers, for example, polyethylene glycol, polypropylene 
glycol, orpolyoxyalkenes, as described in U.S. Pat Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 
4,791,192; and 4,179,337. 

Other peptide and protein analogs and mimetics within die scope of ttie disclosure include 
glycosylation variants, and covalent or aggregate conjugates with other chemical moieties. Covalent 
25 derivatives can be prepared by linkage of functionalities to groups which are found in amino acid side 
chains or at the N- or C-termini, by means which are well known in the art These derivatives can 
include, without limitation, aliphatic esters or amides of the carboxyl terminus, or of residues containing 
carboxyl side chains, 0-acyl derivatives of hydroxyl group-containing residues, andN-acyl derivatives 
of die amino terminal amino acid or amino-group containing residues (for example, lysine or arginine). 
30 Acyl groups are selected from the group of alkyl-moieties including C3 to C18 normal alkyl, thereby 
fonning alkanoyl aroyl species. Covalent attachment to carrier proteins, for example, immunogenic 
moieties, can also be eiq)loyed. 

In addition to these modifications, glycosylation alterations of biologically active peptides and 
proteins (including a 7PGA conjugate, PA-based immunogen, carrier, or coxx^nent of an immunogenic 
<■ 35 conjugate or con^sition of the disclosure) can be made, for exaiiq>le, by modifying the glycosylation 
patterns of a peptide during its synthesis and processing, or in further processing steps. In one 
embodiment, this is acconplished by exposing tiie peptide to glycosylating enzymes derived from cells 
that normally provide such processing, for exan^le, mammalian glycosylation enzymes. 
Deglycosylation enzymes can also be successfully en9)loyed to yield useful modified peptides and 
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proteins within die disclosure. Also embraced axe versions of a native primary amino acid sequence 
which have other minor modifications, including phosphoiylated amino acid residues, for mn^le, 
phosphotyrosine, phosphoserine, or phosphothreonine, or other moieties, mcluding ribosyl groins or 
cross^linking reagents. 

5 Peptidomimetics can also have amino acid residues that have been chemically modified by 

phosphorylation, sulfonation, biotinylation, or the addition or removal of o&er moieties, particularly 
those that have molecular shapes similar to phosphate groups. In some embodiments, the modifications 
will be useful labeling reagents, or serve as purification targets (for example, affinity ligands). 

10 C. Specific Binding Agents 

The disclosure provides specific binding agents that bind a iPGA polypeptide of B. 
anthracis or moii^Bacittus species or strain, or a 7PQA conjugate as disclosed herein. Ike binding 
agent can be used to purify and detect the 7PGA polypeptides, as weU as for detection and diagnosis 
of A anthracis. Examples of the binding agents are a polyclonal or monoclonal antibody (inchiding 
15 humanized monoclonal antibody), and fragments Aereo^ that bind to any of the 7PGA polypeptides 
or 7PGA conjugates disclosed herein. 

Monoclonal or polyclonal antibodies can be raised to recognize a -yPGA polypeptide and/or 
a 7PGA conjugate as described herein, or a analog or derivative thereof. Substantially pure -yPGA 
conjugate suitable for use as immunogen can be prepared as described above. Monoclonal or 
20 polyclonal antibodies to the 7PGA conjugate can then be prepared. 

Monoclonal antibodies to the polypeptides can be prepared from murine hybridomas 
according to the classic method of Kohler & Milstein (Mz/iire 256:495-97, 1975), or a derivative 
method thereof. Briefly, a mouse is repetitively inoculated widi a few micrograms of die selected 
immunogen (for exanqjle, a iPGA conjugate) over a period ofa few weeks. The mouse is then 
25 sacrificed, and the antibody-producing cells of the spleen isolated. The spleen cells are fiised by 

means of polyethylene glycol with mouse myeloma cells, and die excess unfiised cells destroyed by 
growth of die system on selective media con^rising aminopterin (HAT media). The successfully 
fused cells are diluted and aliquots of die dilution placed in wells of a microtiter plate where growfli 
of the culture is continued. Antibody-producing clones are identified by detection of antibody in the 
30 supernatant fluid of the wells by immunoassay procedures, such as die enzyme-linked 

immunoabsorbent assay (ELISA), as originaUy described by Engvall (Meth. Enzymol., 70:419-39, 
1980), or a derivative mefliod fliereof. Selected positive clones can be expanded and their 
monoclonal antibody product harvested for use. Detailed procedures for monoclonal antibody 
production are described in Harlow and Lane, Using Antibodies: A Laboratory Manual, CSHL, New 
35 York, 1999. Polyclonal antiserum containing antibodies can be prepared by imfmiinVing suitable 
animals widi an mununogen conprising a iPGA conjugate. 

Effective antibody production (wheflier monoclonal or polyclonal) is affected by many 
factors related bodi to die antigen and die host species. For exanple, small molecules tend to be less 
immunogenic tiian odiers and may require die use of carriers and adjuvant. Also, host animals vary 
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in response to site of inoculations and dose, with either inadequate or excessive doses of antigen 
resulting in low titer antiseni. Small doses (ng level) of antigen administered at multiple intradomal 
sites appear to be most reliable. An effective immunization protocol fin: rabbits can be found in 
Vaitukaitis cf fli (/ Oin. Endocrinol Metab,, 33:988-91, 1971). 
5 Booster injections can be given at regular intervals, and antiserum harvested when Ae 

antibody titer thereof, as determined semi-quantitatively, for exanqjle, by double immunodiffusion in 
agar against known concentrations of the antigen, begins to fall. See, for exan^le, Ouchterlony et aly 
Handbook of Experimental Immtinology^ Wier, D. (ed). Chapter 19, Blackwell, 1973. A plateau 
concentration of antibody is usually in the range of 0.1 to 0.2 mg/ml of serum (about 12 nM). 
1 0 Affinity of the antisera for the antigen is determined by preparing conqsetitive binding curves, as 
described, for cxanq)le, by Fisher {Manual of Clinical Immunology^ Ch. 42, 1980). 

Antibodies of the present disclosure can be contained in blood plasma, serum, hybiidoma 
siq)eniatants and the like. Alternatively, the antibodies can be isolated to the extent desired by well 
known techniques in the art, such as, ion exchange chromatography, sizing chromatography, or 
1 5 afOnity chromatography. The antibodies can be purified so as to obtain specific classes or subclasses 
of antibody, such as IgM, IgG, IgA, IgGl, IgG2, IgG3, IgG4 and the like. Antibodies of the IgG 
class are of use for purposes of passive protection. 

Antibody fiagments can be used in place of whole antibodies and can be readily expressed 
in prokaryotic host cells. Methods of making and using immunologically effective portions of 
20 monoclonal antibodies, also referred to as "antibody fragments," are well known and include those 
described in Better & Horowitz, Methods EnzymoL 178:476-96, 1989; Glockshubere/a/., 
Biochemistry 29: 1362-67, 1990; and U.S. Patent Nos. 5,648,237; 4,946,778; and 5,455,030. 
Conditions whereby a polypeptideA>inding agent conq)lex can form, as well as assays for the 
detection of the formation of a polypeptide/binding agent complex and quantitation of binding 
25 affinities of die binding agent and polypeptide, are standard in the art Such assays can include, but 
are not limited to, Western blotting, immunoprecipitation, immunofluorescence, 
immunocytochemistry, immunohistochemistry, fluorescence activated cell sorting, fluorescence in 
situ hybridization, immunomagnetic assays, ELISA, ELISPOT (Coligan et ai.. Current Protocols in 
Immunology, Wiley, NY, 1995), agglutination assays, flocculation assays, cell panning, and the like, 
30 as are well known to one of skill in the art. 

The antibodies or antibody fragments of the present disclosure have a number of diagnostic 
and therapeutic uses. For example, the antibodies or antibody Augments can be used for passive 
immunotherapy, such as by administering to a subject a dierapeutically effective amount of die 
antibody or antibody firagments. In another example, the antibodies or antibody fragments can be 
35 used as in vitro diagnostic agents in various immunoassays to test for die presence ofB. antliracis or 
another Bacillus expressing a 7PGA polypq)tide in biological (for exanq)le, clinical) san^les, in 
meat and meat products, on surfaces such as food processing suil&ces, or on sur&ces of items subject 
to security testing (for exaii5)Ie, baggage, freight, water treatment, postage handling, transportation 
facilities, and the like). Usefid immunoassays include, but are not limited to, agglutination assays, 
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radioimmunoassays^ ELISA, fluorescence assays, Western blots and die like. In one such assay, for 
example, die biological sample is contacted first with an antibody of die present disclosure which 
binds Bacillus i9GK polypeptide, and dien with a labeled second antibody to detect die presence of a 
Bacillus, such as B. anthracis, to which the first antibody has bound. Such assays can be, for 
5 example, of direct format (where a labeled first antibody is reactive with the yPGA polypeptide), an 
indirect format (where a labeled second antibody is reactive with the fiarst antibody), a con:q)etitive 
format (such as die addition of a labeled yPGA polypeptide), or a sandwich format (where both 
labeled and unlabelled antibody are utilized), as well as other formats well known to one of skill in 
the art 

1 0 Bindiiig agents of this disclosure can be bound to a substrate (for exan^le, beads, tubes, slides, 

plates, nitroceHuIose sheets, and the like) or conjugated with a detectable moiety, or bodi bound and 
conjugated The detectable moieties contemplated for die present disclosure can include, but are not 
limited to, an immunofluorescent moiety (for exanq>le, fluorescein, riiodamine), a radioactive moiety 
(for exan5>le, ^^P, ^^S), an enzyme moiety (for exsanple^ horseradish peroxidase, alkaline 

1 5 phosphatase), a colloidal gold moiety, and a biotin moiety. Such conjugation techniques are standard in 
the art (for example, see Harlow and Lane, Using Antibodies: A Laboratory Manual, CSHL, New York, 
1999; Yang et al.. Nature, 382:319-24, 1996). 

Z). Pharmaceutical and Immunogenic Compositions and Uses Utereof 
20 Pharmaceutical conq^ositions (including dierapeutic and prophylactic formulations) of a 7PGA 

conjugate and/or a PA-based immunogen are also enconc9)assed by the present disclosure, and include a 
'^GA conjugate and/or odier biologically active dgent as described herein, ^ically combined together 
with one or more phannaceutically acceptable vehicles and, optionally, oth^ therapeutic i]:^gredients 
(for exan^le, antibiotics, or anti-inflammatories). 
25 Within the pharmaceutical conq)ositions and methods of the disclosure, the ')PGA conjugate 

and/or other biologically active agent can be administered to subjects by a variety of mucosa! 
administration modes, including by oral, rectal, intranasal, intrapulmonary, or transdermal delivery, or 
by topical delivery to other smfaces. Optionally, the 7PGA conjugate and/or other active agent can be 
administered by non-mucosal routes, including by intramuscular, subcutaneous, intravenous, intra- 
30 atrial, intra-articular, intraperitoneal, or parenteral routes. In other alternative embodiments, the 'yPGA 
conjugate and/or other active agent can be administered ex vivo by direct ^posure to cells, tissues or 
organs originating from a subject. 

To formulate pharmaceutical conopositions of the present disclosure, the 7PGA conjugate 
and/or other biologically active agent can be combined with various pharroaceutically acceptable 
35 additives, as well as a base or vehicle for dispersion of the 7PGA coi^ugate and/or otiier biologically 
active agent Desired additives include, but are not limited to, pH control agents, such as arginine, 
sodium hydroxide, glycine, hydrochloric acid, citric acid, and die like. In addition, local anesthetics 
(for exanple, benzyl alcohol), isotonizing agents (for example, sodium chloride, mannitol, sorbitol), 
adsorption inhibitors (for example, Tween 80), solubility enhancing agents (for exan^le, cyclodextrins 
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and derivatives tfaereoQ, stabilizers (for exaniple, serum albumin), and reducing agents (for example, 
glutatfiione) can be included. Adjuvants, such as alumizium hydroxide (for exanople, Amphogel, Wyeth 
Laboratories, Madison, NJ), Freund's adjuvant, MPL^ (3-0-deacylated monophosphoryl lipid A; 
Corixa, Hamilton IN) and IL-12 (Genetics Institute, Cambridge MA), among many oAer suitable 
5 adjuvants well known in the ar^ can be included in the conq>ositions. When the con^osition is a liquid, 
the tonicity of the formulation, as measured witii reference to the tonicity of 0.9% (w/v) physiological 
saline solution taken as unity, is typically adjusted to a value at which no substantial, irreversible tissue 
damage will be induced at the site of administration. Generally, die tonicity of the solution is adjusted 
to a value of about 0.3 to about 3.0, such as about 0.5 to about 2.0, or about 0.8 to about 1.7. 
1 0 The tPGA conjugate and/or other biologically active agent can be dispersed in a base or 

vehicle, which can include a hydrophilic compound having a capacity to disperse the 7PGA conjugate 
and/or odier biologically active agent, and any desired additives. The base can be selected from a wide 
range of suitable compounds, inchiding but not limited to, copolymers of polycaiboxylic adds or salts 
diereof, carboxylic anhydrides (for example, maleic anhydride) widi other monomers (for example, 
1 5 mediyl (meth)acrylate, acrylic acid and the likeX hydrophilic vinyl polymers, such as polyvinyl acetate, 
polyvinyl alcohol, polyvinylpyrrolidone, cellulose derivatives, such as hydroxymediylcellulose, 
hydroxypropylcellulose and the like, and natural polymers, such as chitosan, collagen, sodium alginate* 
gelatin, hyaluronic acid, and nontoxic metal salts thereof. Often, a biodegradable polymer is selected as 
a base or vehicle, for example, polylactic acid, poly(lactic acid-glycolic acid) copolymer, 
20 polyhydroxybutyric acid, poly(hydn)xybutyric acid-glycolic acid) copolymer and mixtures thereof 
Alternatively or additionally, synthetic fetty acid esters such as polyglycerin fatty acid esters, sucrose 
&tty acid esters and the like can be employed as vehicles. Hydrophilic polymers and other vehicles can 
be used alone or in combination, and enhanced structuzal integrity can be imparted to die vehicle by 
partial ciystallization, ionic bonding, cross-linking and die like. The vehicle can be provided in a 
25 variety of foixns, including, fluid or viscous solutions, gels, pastes, powders, microspheres and ffl™ for 
direct application to a mucosal surface. 

The tPGA conjugate and/or other biologically active agent can be combined with the base or 
vehicle according to a variety of methods, and release of the 7PGA conjugate and/or other biologically 
active agent can be by difiusion, disintegration of the vehicle, or associated formation of water 
30 channels. In some circumstances, the 7PGA conjugate and/or other biologically active agent is 

dispersed in microcapsules (microspheres) or nanocapsules (nanospheres) prepared from a suitable 
polymer, for exBwple, isobutyl 2-cyanoaciylate (see, for example, Michael et a/., J. Pharmacy 
Pharmacol 43:1-5, 1991), and dispersed in a biocoiiq)atible dispersing medium, which yields sustained 
deliveiy and biological activity over a protracted tin:ie. 
35 The conq;>ositions of the disclosure can alternatively contain as pharmaceutically acceptable 

vehicles substances as required to approximate physiological conditions, such as pH adjusting and 
buffering agents, tonicity adjusting agents, wettiAg agents and the like, for example, sodium acetate, 
sodium lactate, sodium chloride, potassium chloride, calcium chloride, sorbitan noonolaurate, and 
trietiianolamine oleate. For solid conq>ositions, conventional nontoxic pharmaceutically acceptable 
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vehicles can be used which inctode, for exain>le, phannaceutical grades of manmtol, lactose, starch, 
magnesium stearate, sodhmi saccharin, talcum, ceUulose, glucose, sucrose, magnesium carbonate, and 
the like. 

Pharmaceutical conq)ositions for administering the tPOA conjugate and/or other biologically 
active agent can also be formulated as a solution, microemulsion, or oflier ordered structure suitable for 
high concentration of active ingredients. The vehicle can be a solvent or dispersion medium containing, 
for exanq^le, water, ethanol, polyol (for exanqjle, glycerol, propylene glycol, liquid polyethylene glycol, 
and the like), and suitable mixtures thereof. Proper fluidity for solutions can be maintained, for 
exdmple, by the use of a coating such as lecithin, by the maintenance of a desired particle size in the 
case of dispersible formulations, and by the use of surfactants. In many cases, it will be desirable to 
include isotonic agents, for exanq)le, sugars, polyalcohols, such as mannitol and sorbitol, or sodium 
chloride in die coniposition. Ploloriged absorption of the 7PGA conjugate and/or other biologicaDy 
active agent can be brought about by including in die con^sosition an agent which delays absorption, for 
exanq)le, monostearate salts and gelatin. 
1 5 In certain embodiments, die 7PGA conjugate and/or oflier biologically active agent can be 

administered in a time release formulation, for example m a composition which includes a slow release 
polymer. These con^sitions can be prepared with vehicles that will protect against rapid release, for 
exan^le a controlled release vehicle such as a polymer, microencapsulated delivery system or 
bioadhesive gel. Prolonged delivery in various conqx)sitions of the disclosure can be brought about by 
20 mcluding in the con5)osition agents that delay absorption, for example, aluminum monostearate 

hydrogels and gelatin. When controUed release formulations are desired, controlled release binders 
suitable for use in accordance with die disclosure inchide any bioconqiatible controlled release material 
which is inert to die active agent and M*ich is capable of incorporating die 7PGA conjugate and/or odier 
biologicaUy active agent. Numerous such materials are known in die art. Useful controUed-release 
25 binders are materials diat are metabolized slowly under physiological conditions foUowmg dieir 

delivery (for exanq)le, at a mucosal surface, or m die presence of bodily fluids). Appropriate binders 
include, but are not limited to, biocompatible polymers and copolymers well known in die art for use in 
sustained release formulations. Such biocon^tible compounds are non-toxic and inert to surrounding 
tissues, and do not trigger significant adverse side effects, such as nasal irritation, immune response, 
30 inflammation, or die like. They are metabolized into metabolic products tiiat are also biocon^atible 
and easily eliminated from the body. 

Exemplary polymeric materials for use in die present disclosure include, but are not limited to, 
polymeric matrices derived from copolymeric and homopolymeric polyesters having hydrolyzable ester 
linkages. A number of diese are known in die art to be biodegradable and to lead to degradation 
35 products having no or low toxicity. Exemplary polymers include polyglycoKc acids and polylactic 
acids, poly(DL-Uctic acid^o-glycolic acid), poIy(D-lactic acid-co-glycolic acid), and poly(L-lactic 
acid-co-glycolic acid). Odier useful biodegradable or bioerodable polymers include, but are not limited 
to, such polymers as poly(epsilon-caprolactone), poly(epsilon-aprolactone-CO-lactic acid), 
poly(epsilon.-aprolactone-CO-glycoUc acid), poly(beta-hydroxy butyric acid), poly(alkyl-2- 
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cyanoacrilate), hydxogds, such as polyOiydwHcyeflorl mcthaciylate), polyamides, poly(ainmo acids) (for 
example, L-leucine, ghriamic add, L-aspartic acid and the like), poly(ester urea), poly(2-hydroxyethyl 
DL-aspaitamds), polyacetal polymers, polyorthoesten, polycarbonate, polymaleamides, 
polysaccharides, and copofymers dwreof. Many methods fbrptq>aring such fiMmuIations are weU 
blown to fliose skilled in the art (see, for exan^le. Sustained and ContrvBed Release Drug Ddivery 
Systems, J. R. Robinson, ed., Marcel Dekker, Inc., New Yoik, 197g). OOeraseful foimuhitions inchide 
controlled-ielease microcapsules (U.S. Pat Nos. 4,652,441 and 4,917,893), lactic add-glycoMc acid 
copolymers useful in making microc^sules and other formulations (U.S. Pat Nos. 4,677,191 and 
4,728,721) and sustained-release compositions for water-sohible peptides (U.S. Pat No. 4,675,189). 

The pharmaceutical compositions of the disclosure typically are sterile and stable under 
conditions of manufecture, storage and use. Sterile solutions can be prepared by incoiporating the 
iPGk conjugate and/or odier biologically active agent in die required amount in an appropriate solvent 
wifli one or a combination of ingredients enumerated heiem, as required, followed 1^ filtered 
sterilization. Generally, dispersions are iHq>a«d by incoiporating the tPGA coigu^ 
1 5 biologically active agent mto a sterile vehicle Aat ccmtains a basic dispersion medium and ihe required 
oflier ingredients fiom those enumerated herein, hi die case of sterile powders, mediods of preparation 
include vacuum drying and freeze-drying which yields a powder of Che -jPGA conjugate and/or other ' 
biologically active agent plus any additional desired ingredient fiom a previously sterile-filtered 
solution thereof. The prevention of the action of microorganisms can be accon^jlished by various 
20 antibacterial and antifungal agents, for exan?)le, parabens, chlorobutanol, phenol, sorbic acid, 
thimerosal, and the like. 

In accordance widi die various treatment mediods of the disclosure, the 7PGA conjugate 
and/or odier biologicaUy active agmt can be delivered to a subject m a manner consistent wifli 
conventional mediodologies associated witii management of flie disorder for wWch tieatinent or 
25 prevention is sought In accordance widi die disclosure hnein, a prophylacticaUy or dutapeuticaUy 
effective amount of die -^GA conjugate and/or otiier biologically active agmt is administeied to a 
subject in need of such freatment for a time and under conditions sufBcient to prevent inhibit, and/or 
ameUorate a selected disease (for exanq)le, anthrax) or condition or one or more 8yn^ni(s) fliereof. 
Typical subjects intended for treatinent with the compositions and metiiods of tiie present 
30 disclosure include humans, as weU as non-human primates and otiier animals. To identify subjects for 
prophylaxis or treatinent according to die metiiods of tiie disclosure, accepted screening metiiods are 
employed to determine risk &ctors associated witii a targeted or suspected disease of condition (for 
exan^ple, andirax) as discussed herem, or to detemoine die statiis of an existing disease or condition m a 
subject These screening metiiods inchide, for exanple, conventional work-nps to detennine 
35 environmental, femilial, occupational, and oflier such risk fiwtors tiiat may be associated widi die 
targeted or suspected disease or condition, as weH as diagnostic mediods, sudi as various EUSA and 
otiier immunoassay metiiods. which are availabte and weU known in die art to detect and/or characterize 
disease-associated markers. These and otiier routine metiiods aUow die clmician to select patients m 
need of tiiaapy using die mediods and pharmaceutical compositions of die disclosure, hi accordance 
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wifli these methods and principles, a iPGA conjugate and/or other biologicaUy active agent can be 
administered according to teachings herein as an independent prophylaxis or treatment program, or 
as a foUow-np, adjunct or coordinate treatment reginwn to other treatments, inchiding surgery, 
vaccmation, immunoflierapy, hormone treatment, cell, tissue, or organ transplants, and the like. 
5 The tPGA conjugates can be used in coordinate vaccmation protocols or combinatorial 

formulations with PA-based immunogens to enhance an immune response elicited by a PA-based 
immunogen alone, hi exemplary embodiments, ^PGA-rPA mduces both anti-PA and anti-iPGA 
immune responses, hi other embodiments, novel combinatorial umnunogenic conqjositions and 
coordinate immunization protocols enqjloy separate immunogens or formulations, each directed toward 
1 0 eliciting an anti-PA or an anti-TPGA immune response. Separate immunogens that eUcit the anti-PA or 
anti-TPGA immune response can be combined in a polyvalent immunogenic con^osition administered 
to a subject in a smgle umnunization step, or they can be administered separately (m monovalent 
immunogenic compositions) m a coordmate umnunization protocol Typically, when tiie anti-PA and 
anti-TPGA unmunogens are administered separately, they are administered coordinate^, in close 
1 5 ten^xiral sequence (for example, the anti-PA immunogen will be administered hours, one or two days, 
or witiiin a week or two, prior to administration of the anti-^PGA immunogen, or vice versa). 

The administration of the 7PGA conjugate and/or other biologically active agent of die 
disclosure can be for either prophylactic or ther2q)eutic purpose. When provided proph)iacticany, the 
7PGA conjugate and/or other biologicaUy active agent is provided in advance of any symptoia The 
20 prophylactic administration of the 7PGA conjugate and/or other biologically active agent serves to 

prevent or ameliorate any subsequent infection. When provided therapeuticaUy, the -^GA conjugate 
and/or other biologically active agent is provided at (or shortly after) the onset of a symptom of disease 
or mfection. The '^A conjugate and/or other biologicaUy active agent of the disclosure can thus be 
provided prior to tiie anticipated exposure to B. anthracis or ano Aer Bacaitis, so as to attenuate the 
25 anticq)ated severity, duration or extent of an infection and/or associated disease syrrqitoms, after 
exposure or suspected exposure to the bacteria, or after the actual mitiation of an mfection. 

For prophylactic and therapeutic purposes, the 7PGA conjugate and/or other biologically active 
agent disclosed herein can be administered to the subject in a single bohis delivery, via continuous 
delivery (for exanqjle, continuous transdermal, mucosal or intravenous delivery) over an extended time 
30 period, or in a repeated administration protocol (for example, by an hourly, daily or weekly, repeated 
administration protocol). The therapeutically effective dosage of the 7PGA conjugate and/or other 
biologically active agent can be provided as repeated doses within a prolonged prophylaxis or treatment 
regimen, that will yield cKnically significant results to aUeviate one or more syii^)toms or detectable 
conditions associated with a targeted disease or condition as set forth herein. Determination of effective 
35 dosages in this context is typicaUy based on animal model studies followed up by human clinical trials 
and is guided by administration protocols that significantly reduce the occunence or severity of targeted 
disease syn^toms or conditions in tiie subject Suitable models m this regard include, for example, 
murine, rat, porcme, fehne, non-human primate, and oAer accepted animal model subjects known in the 
art Alternatively, effective dosages can be determined using in vitro models (for example, 
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imnniiiologic and liistopafbologic assays). Using such models, only otdinary calculations and 
adjustments are required to detennine an appropriate concentration and dose to adnumster a 
therapeutically effective amount of the 7PGA conjugate and/or other biologically active agent (for 
example, amounts that are effective to elicit a desired immune response or alleviate one or more 
5 symptoms of a targeted disease). In alternative embodiments, an effective amount or effective dose of 
flie 7PGA conjugate and/or biologically active agent may sin5)ly inhibit or enhance one or more 
selected biological activities correlated with a disease or condition, as set forth herein, for either 
therapeutic or diagnostic puiposes. 

The actual dosage of the 7PGA conjugate and/or other biologically active agent will vary 
10 according to factors such as the disease indication and particular status of the subject (for exan^le, the 
. subject's age, size, fitness, extent of synq>toms, susceptibility fectors, and the like), time and route of 
administration, other drugs or treatments being administered concurrently, as well as the specific 
phannacology of the 7PGA conjugate and/or odier biologically active agent for elicitmg the desired 
activity or biological response in the subject. Dosage regimens can be adjusted to provide an optimum 
1 S prophylactic or therapeutic response. A therapeutically effective amount is also one in which airy toxic 
or detrimental side effects of the 'yPGA conjugate and/or other biologicaUy active agent is outweighed 
in clinical terms by therapeutically beneficial effects. A non-limiting range for a therapeutically 
effective amount of a 7PGA conjugate and/or other biologically active agent within the methods and 
formulations of the disclosure is about 0.01 mg/kg body weight to about 10 mg/kg body weight, such as 
20 about 0.05 n^g to about 5 mg/kg body weight, or about 0.2 mg/kg to about 2 ing/kg body weight 

The antibodies of die present disclosure will typically be administered in a dosage ranging from about 1 
mg/kg body weight to about 10 XDgfkg body weight of the subject, aUfaough a lowor or higher dose can 
be administered. 

Upon administration of a 7PGA conjugate (for exaniple, 7PGA-PA) or rehited immunogenic 
25 con^sition of the disclosure (for exan^le, via injection, aerosol, oral, topical or other route), the 
immune system of the subject typically responds to the immunogenic con:q;>osition by producing 
antibodies specific for 7PGA and/or PA. Such a response signifies that an immunologically effective 
dose of the 7PGA conjugate or related immunogenic composition was delivered. An inunimologically 
effective dosage can be achieved by single or multiple administrations (including, for example, multiple 
30 administrations per day), daily, or weekly administrations. For each particular subject, specific dosage 
regimens can be evaluated and adjusted over time according to die individual need and professional 
judgment of the person administering or supervising the administration of the ^PGA conjugate and/or 
other biologically active agent In some embodiments, die antibody response of a subject administered 
the conqx>sitions of the disclosure will be determined in the context of evaluating effective 
35 dosages/immunization protocols. Li most instances it will be sufficient to assess die antibody titer in 
serum or plasma obtained fiom die subject Decisions as to whether to administer booster inoculations 
and/or to change the amount of the composition administered to the individual can be at least partially 
based on the antibody titer level. The antibody titer level can be based on, for exan^le, an 
immunobmding assay which measures the concentration of antibodies in the serum which bind to a 
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speaBc antigen, for example. 7PGA and/or PA. The ability to neutralize mvitmoB&mvivo biological 
effects of die A anthrads can also be assessed to detennine die effectiveness of the treatment 

Dosage can be varied by the attending clinician to maintain a desired concentration at a target 
site (for exanq)le, the lungs or systemic circulation). Higher or lower concentrations can be selected 
based on the mode of delivery, for exan^le, transHspidennal, rectal, oral, pulmonary, or intianasal 
delivery versus intravenous or subcutaneous delivery. Dosage can also be adjusted based on the release 
rate of the administered formulation, for exanq)le, of an intrapulmonary spray versus powdCT, sustained 
release oral versus injected particulate or transdermal delivery formulations, and so forth. To achieve 
file same semm concentration level, for exan^jle, slow-release particles witii a release rate off 
nanomolar (under standard conditioos) would be administered at about twice the dosage of particles 
witii a release rate of 10 nanomolar. 

The methods of using -jPGA conjugates, and tiie related con^ositions and mediods of Ac 
disclosure, are useful in increasing resistance to, preventing, iuneUorating. and/or beating infection and 
disease caused by bacilti in animal hosts, and other, in vitro applications, la. exen^lary embodiments, 
15 tlwniethods and compositions are useM in increasing resistance to, piBventirig,amelioratii^ 
treating infection and disease caused by B. anthracis infection in animals and humans. These 
immunogenic conqwsitions can be used for active immunization for prevention ofB. anthracis 
infection, and for preparation of immune antibodies. In one embodiment, tiie immunogenic 
con^wsitions and methods are designed to confer specific immunity against infection witii B. anthracis. 
and to induce antibodies specific to B. anthracis 7DPGA. The immunogenic compositions are 
composed of non-toxic conqwnenfs, suitable for infints, chUdren of aU ages, and adults. 

The metiiods of the disclosure are broadly effective for treatinent and prevention of bacterial 
disease and associated inflammatory, autoimmune, toxic (includmg shock), and dnonic and/or lethal 
sequelae associated wifli bacterial mfection. In selected embodiments, one or more symptoms or 
25 associated effects ofexposaie to and/or infection wifli antiuax is/are prevented or treated by 

administration to a mammalian subject at risk of acquiring anflirax, or presenting witii one or more 
anflirax symptoni(s), of an effective amount of a -^GA conjugate of tiie disclosure. Therqjeutic 
compositions and methods of tiie disclosure for prevention or treatinent of toxic or lethal effects of 
bacterial infection are applicable to a wide spectrum of infectious agents. Non-letiial toxicities tiiat wiU 
be ameliorated by tiiese metiiods and con^sitions can include fetigue syndromes, 
inflammatory/autoimmune syndromes, hypoadrenal syndromes, weakness, cognitive symptoms and 
memory loss, mood symptrans. neurological and paio syndromes and endocrine symptoms. Any 
significant reduction or preventive effect of tiie -jPGA conjugate witii respect to die foregoing disease 
condition(s) or syxaptom^s) administered constitiites a desirable, effective proper^ of die subject 
35 con^sition/mediod of die disclosure. 

The con?)ositions and metiiods of die disclosure are particulariy usefiil for taeabnent and 
prevention of infection and toxic/morijidity effects of wqiosure to antiuax and/or otiier disease- or 
ilhiess-causing bacilli. Additional embodiments of die disclosure are directed to diagnostic 
compositions and mediods to identify individuals at risk for exposure, infection, toxic effects, or long 
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term deleterious effects of e?q)0suie to pathogenic bacteria, for exanqple B. anthracis. In additional 
a^)ects of &e disclosure, the methods and conq;>ositions disclosed herein are useful for identification of 
environmental agents, including B, anthracis and otiier bacilli expressing a 7PGA, including food-borne 
patbogenic bacilli. Certain individuals exposed to small amounts of bacterial products, such as those 
5 derived from B. anthracis, presenting certain genetic or physiological backgrounds, are predisposed to 
development of chronic syndromes, including fatigue syndromes, inflammatory/autoimmune 
syndromes, hypoadrenal syndromes, weakness, cognitive synqitoms and memory loss, mood symptoms, 
neurological and pain syndromes and endocrine symptoms. In this context, the methods and 
con^sitions of the disclosure are einployed to detect, and alternatively to treat and/or ameliorate, such 
1 0 ubiquitous environmental exposures and associated symptoms. For example, antibodies of the 
disclosure provide for screening for 7PGA m mammalian subjects or food products at risk of • 
contact/infection with a BacOlus that expresses a 7PGA. 

In related enibodunents, the disclosure provides conqK>sitions, including but not limited to, 
mammalian serum, plasma, and immunoglobulin foctions, which contain antibodies that are 
1 S immunoreactive widi a 7PGA of B. anthracis or another BadUus species or strain. These antibodies 
and antibody conpositions can be useful to prevent, treat, and/or ameliorate infection and disease 
caused by the microoiganism. The disclosure also provides such antibodies in isolated form. In 
exen^lary ernbodiments, high titer anti-^PGA sera, antibodies isolated there&om, or monoclonal 
antibodies, can be used for therapeutic treatment for patients with infection by B, anthracis or another 
20 Bacilhis species or strain. Antibodies elicited by the agents of this disclosure can be used for the 

treatment of established B. anthracis or other Bacillus infections, and can also be usefid in providing 
passive protection to an individual exposed to B. anthracis or another Bacillus, 



25 same for use in the prevention and treatment of anthrax and other bacterial diseases and other 

conditions in mammalian subjects. Kits for diagnostic use are also provided. In one enibodiment, 
these kits include a container or formulation that contains one or more of the ^PGA conjugates and/or 
other active agent described herein. In one example, this component is formulated in a 
pharmaceutical preparation for delivery to a subject The 7PGA conjugate and/or other biologically 

30 active agent is/are optionally contained in a bulk dispensing container or unit or multi-unit dosage 
form. Optional dispensing means can be provided, for example a pulmonary or intranasal spray 
applicator. Packaging materials optionally inchide a label or instraction indicating for what treatment 
purposes (for example, anthrax) and/or m what marmer the pharmaceutical agent packaged dierewith 
can be used. 



The instant disclosure also includes kits, packages and multi-container units containing 
herein described pharmaceutical conq)Ositions, active ingredients, and/or means for administering the 



35 



The subject matter of the present disclosure is further illustrated by the following non-limiting 
Exan^les. 
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EXAMPLES 
Example 1 
Materials and Methods 

Bacterial straiits 

5 B, pumilus, strain Shl8 (Goodman et al, Bioch&n. 7:706-10, 1968), and B. anthracis strain 

A34, a pXOr, pX02* variant derived from the Ames strain by repeated passage at 43**C, are described 
by Klein CM/. {Science 138:1331.33, 1962). 

Poly^j-glutaniic acid 

1 0 tPGA was extracted from culture supematants of B. anthracis or B. pumUus by acidification to 

pH 1.5, precq)itation with etfaanol, and passage through a 2 x 100 cm Sepharose CL-4B cohimn m 0.2 
M NaCl (Myerowitz et al. Infect Immwi. 8:896-900, 1973). The composition of each 'yPGA was 
confirmed by 'H-NMR and ^^C-NMR and their enantiomeric conq>ositions were determined by GLC- 
MS spectroscopy. 

15 - 
Analyses 

Amino acid analyses were conducted by GLC-MS after hydrolysis with 6 N HCl, 150*^0, 1 
hour, derivatization to heptafluorobutyiyl R-(-)isobutyl esters and assayed widi a Hewlett-Packard 
apparatus (Model HP 6890) with a HP-5 0.32 x 30 mm glass c^illary column, temperature 

20 programming at 8°C/min, fiom 125X to 250''C in the electron ionization (106 eV) mode (MacKenzie, 
y. Assoc. Off. Anal. Chem. 70:151-60, 1987). Under diese conditions, D-ghitamic acid is separated 
from the L-enantiomer so tiiat the ratio of each can be calculated based on die ratio of D-glutamic acid 
relative to L-glutamic acid residues in the protein (FIG. 1). The number of peptide chains in L-peptide 
conjugates was calculated by the relative increase of total L-glutamic acid relative to aspartic acid. 

25 Protein concentration was measured by the method of Lowry et al (J. Biol Chetn. 193:266-73, 1951), 
free € amino groups by Fields' assay {Biochem. J. 124:581-90, 1971), thiolation by release of 2- 
pyridylthio groups {A^^) (Carlsson et al, Biochem. 1 173:723-37, 1978), and hydrazide as reported by 
Schneerson a/. (/ Exp. Med. 152:361-76, 1980). SDS-PAGE en^>loyed 14% gels accordmg to the 
manufacturer's instructions. Double immunodiffusion was performed in 1.0% agarose gel in PBS. 

30 

MALDI-TOF 

Mass spectra were obtained with a PerSeptive BioSystems Voyager Elite DE-STR MALDI- 
TOF instrument (PE Biosystems, Framingham, MA) operated in the linear mode, 25 kV accelerating 
voltage and a 300 nanosecond ion extraction delay time. San:q>les for analysis were prepared by a 
35 "sandwich" of matrix and analyte. Fkst, 1 yX matrix (saturated solution of sinnapinic acid made in 1 : 1 
CHjCN and 0.1% trifluroacetic acid) was dried on the sample stage. Second, 1 ^1 of sample and an 
additional 1 ^1 of matrix was apphed. After die "sandwich'* was dried, the sample was placed in die 
mass spectrometer. 
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Antigens 

BSA (Sigma Chemical Co., St. Louis, MO) was dialyzed against pyiogen-free water, sterile- 
filtered, and freeze-dried. Reconibinant Protective Antigen firom B. anthrads and recombinant 
exotoxin A fiom P. aeruginosa were prepared and characterized as described by Ramirez et aL (7. Ind. 
5 Microbiol Biotechnol 28:232-38, 2002) and Johansson et al, (/. Biotechnol 48:9-14, 1996). 

Exenqjlary synthetic polypeptides of 'yPGA (AnaSpec, San Jose, CA) were synthesized by the method 
of Merrifield, with lengths of 5, 10, 1 5, or 20 residues. Their purity and au&enticity were verified by 
GLC-MS, LC-MS and MALDI-TOF. 7PGA polypeptides were bound to carrier proteins at either the 
C- or the N-termini (-C indicates that the C-terminus is free; N- indicates that the amino-terminus is 
10 free). All reactions were conducted in a pH Stat under argon. 

Type I: NBrAc-Gly3-7DPGA«-COOH(Br-Gly3-7DPGAfl.C) 
NBtAcGlyrTLPGAa-^X^OHCBr-GIya-lLPGAo-C) 

Type n: NAc-L-Cys-Glys-iDPGAo-COOHCCys-Glyj-TDPGAn-Q 
15 NAc-IX:ys.Gly3-7lJ*GAa-COOH(Cys.Gly3-^GA„"C) 



Type m: NAc-'^PGA„-Gly3-L-Cys-CONH2(N-7DPGAfl-Gly3-Cys) 
NAc-7LPGAn.Gly3-L-Cys-CONH2(N-'^GAa-Gly3-Cys) 

20 Type IV: CHO-Glya-TDPGA^-COOH 



Type V: NAc-TDPGA^-Glys-CO-AH 
NAc-tDPGA^-CO-AH 

25 Type VI: NAc-'yDPGA^.Cys.CONHz 



Conjugation of BSA, rEPA and rPA with B. anthracis -pPGA and B, pimilus 'pLPGA 

BSA, rEPA and rPA were derivatized with adipic acid dihydrazide with modifications 

(Schneerson et al, J, Exp. Med. 152:361-76, 1980). The pH was maintained at 7.0 and 0.1 M EDAC 
30 used. The products, BSA-AH, rEPA-AH and rPA-AH, contained 2.0-4.8% hydrazide. 

TPGA was bound to rPA-AH or rEPA-AH wiA 0.01 M EDAC, the reaction mixture passed 

through a 1 X 90 cm Sephacryl S-1000 column in 0.2 M NaCl, and fractions reacting with anti-PA and 

anti-'jDPGA by an identity line were pooled. 



35 Conjugation of Type I peptide with rPA via thioetlter bond 

Step 1: Derivatization of BSA, rEPA and /PA with SPDP 

To rPA (30 mg) in 1.5 ml of Buffer A* (PBS, 3% glycerol, 0.005 M EDTA, pH 7.6), SPDP (10 
mg) in 50 ^1 dimethyl sulfoxide (DMSO) was added in 10 ^1 aliquots and reacted for 1 hour at pH 7.6. 
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The product, 2-pyridyldifliio-pippioiiyl-/PA (PDP-rPA) was passed fluough a I x 48 cm Sephadex G- 
50 column in Buffer A (PBS, 0.05% glycerol, 0.005 M EDTA, pH 7.6), and pxoteinrcontainiqg 
fractions were pooled and assayed for tiiiolation, antigenicity, and molecular mass (Carlsson et al^ 
Biochem.J. 173:723-37, 1978). 
5 Step 2: Conjugation ofPDP-protein with Type I peptide 

PDP-protein (24 mg) in 2 ml Buffer A was treated with 50 mM dithiothreitol for 30 minntes at 
room tenqjerature and passed through a 1 x 48 cm Sephadex G-50 column in Buffer A. Fractions 
containing the 3-thiopropionyl-€-Lys-NH2-'"PA (rPA-SH) were collected, concentrated to 1.5 ml and 
glycerol added to a final concentration of 3%. Br-Glya-y-DPGAn-C, 10 n^ in 1 ml of Buffer A, was 

1 0 adjusted to pH 7.6 and /PA-SH added, incubated for 1 hour at room ten:5)erature (Inman et aLy Bioconj. 
Chem, 2:458-63, 1991), transferred to a vial, capped and tumbled overnight at room teiqperature. 
Bromoacetamide, 0.5 n^ in 50 ^1 Buffer A, was added to block unreacted thiols. After 30 minutes, the 
reaction mixture was passed tfirough a 1 x 90 cm Sephaciyl S-200 cohmm in Buffer B (0.01 M 
phosphate, 0.2 M NaQ, 0.05% glycerol, pH 7.2). Fractions containing protein-^GA were pooled and 

1 5 assayed for peptide and protein concentration, antigenicity, and molecular mass. 
Products: 

BSA contained 60, rPA contained 58 and rEPA contained 15 moles Lys per mole of protein, 
respectively. Under these conditions, 28 of 60 c-Lys-NHi of BSA, 50-55 of 58 of rPA and 15 of 15 of 
rEPA were derivatized with SPDP with retention of their antigenicity. Conjugation of BSA-SH, rPA- 
20 SH and rEPA-SH with Type I peptides yielded: 

BSA-SH/Glya-iDPGAo-C 
BSA-SH/Glyr-^PGA^-C 
rEPA-SH/Gly3-7DPGA.i-C 
rPA-SH/Gly3-7DPGA„-C 

25 

Conjugation with Type II III and VI peptides 

Step 1: Derivatization of protein with SBAP 

rPA or rEPA (30 mg) in 1 .5 ml of Buffer A' was adjusted to pH 7.2. SBAP (1 1 mg) in 50 /il 
DMSO was added in 10 /xl aliquots (Inman et al, Bioconj. Chem, 2:458-63, 1991). After 60 minutes, 
30 the reaction mixture was passed through a 1 x 90 cm Sepharose CL-6B column in Buffer B. Fractions 
containing hromoacetamidopropionyl-€-Lys-NH-rPA (Br-rPA) were collected and assayed for protein, 
free '-NM2, antigenicity, and molecular mass. 

Stqp 2: Conjugation of Br-protein with Type n, m and VI peptides 
Type n, m or VI peptides, 5 to 1 5 mg in Buffer A, were adjusted to pH 7.6 with 1 N NaOH. 
35 Br-protein (25 mg) in 1.5 ml Buffer A* was added. After 1 hour, the reaction mixture was transfened to 
a vial, capped, and tumbled overnight at room temperature. jS-mercaptoetfaanol (1 ^1) was added to 
quench the remaining bromoacetyl groups in Br-^rotein. After 30 minutes, Ae reaction mixture was 
passed through 1 x 90 cm Sepharose CL-6B column in Buffer B. Fractions containing protein-^PGA 
were pooled and assayed for peptide and protein concentration, antigenicity, and molecular mass. 
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Products: 

Under these conditions, 50-55 of 58 and 15 of 15 residues of c-Lys-NHa of rPA and rEPA, 
respectively, were modified wifli SBAP. rPA^ had 30 out of 58 6-Lys-NH2 fi«e, and dcrivatization 
with SBAP converted essentially all 30 €-Lys-NH2 into flie bromoacylated derivative, Br-rPAj.^. 
5 Conjugation of Br-/f A and Br-rEPA with Type n peptides yielded 4 conjugates: 

rPA/S^ys-Glya-TDPGAfl-C 
/PA/S-Cys^lya-TLPGAo-C 
rEPA/S-Cys-Glyj-TDPGAo-C 
rEPA/S-Cys-Gly3-7LPGA„-C 
1 0 Conjugation of Br-rPA and Br-rEPA with Type ffl peptides yielded 4 conjugates: 

N-7DPGAo"Gly3-Cys-S/rPA 
N-TLPGAn-Gtya-Cys-S/rPA 
N-TDPGAo-Glya-Cys-S/rEPA 
N-7LPGA„.Gly3-Cys-S/rEPA 
15 AH eigiht conjugates precipitated with an identity reaction wifli flieir protein and -jPGA antisera 

by inmmnodifiusioa Representative analysis by MALDI-TOF is shown in FIG. 2. 
Conjugation of Br-rEPA with Type VI peptide yielded: 

rEPA/Cys-iDPGAa-N 
Conjugation of Br-rPA^^ witii the N-iDPGAo-Glya-Cys Type m peptide yielded: 
20 rPAfc„rt^Cys-Gly3-7DPGA„-N 

Conjugation of Type IV peptide with BSA, rEPA cuid rPA via hydrazone linkage 

4-formyIbenzoyl.7DPGA (CHO-7DPGA) was bound to BSA-AH, rEPA-AH or rPA-AH in 
phosphate buffer, pH 7.0, at a molar ratio of CHO-')DPGA to carrier protein-AH of 2: 1 for 24-48 hours 
25 at room tenq)erature. The reaction mixture was passed tiirough a 1 x 90 cm Sepharose CL-6B column 
in 0.2 M phosphate buffer, pH 7.0, and fiactions reacting with anti-carrier protein and anti-^DPGA 
antibodies were pooled. 

Corrugation of BSA-AH, rEPA-AH or rPA-AH witii Type IV peptides yielded: 

BSA-AH/CH0^1y3-7DPGAfl-C 
30 rEPA-AH/CH0-Gly3-TDPGA„-C 

rPA-AH/CHO-Gly3-7DPGA„-C 

Conjugation of Type V peptide with BSA, rEPA, rPA, rPA^^ via hydrazone linkage 
Step 1: Dcrivatization of BSA, rEPA, rPA, or rPAft^ with SFB 
35 To BSA (30 mg) in 1 .2 ml of Buffer A containing 1 % glycerol, SFB (7.5 mg) in 100 ^1 

DMSG was added and reacted for 1 hour at pH 7.6. The product, 4-formylbenzoyl-BSA (CHO-BSA), 
was passed through a 1 x 48 cm Sephadex G-50 column m BujEfer A. Protein containing fractions were 
pooled and assayed for the presence of benzoylaldehyde, antigenicity and protein concentration. For 
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rPA, rEPA and rPAftniD derivatization witii SFB was perfonned using 4 mg^nd ;PA, rEPA and rPAfenm 
respectively. 

Stq) 2: Conjugation of CHO-BSA, CHO-rEPA, CHO-HPA or CHO-rPA^^ with Type V 

peptides 

5 To CHO-BSA, CHO-rEPA, CHO-/PA or CHO-zPA,^ (20 mg) in 1.25 ml of Buffer A, 20 mg 

of Type V peptides dissolved in 400 /il of IM phosphate buffer, pH 7.4, was added. The pH of the 
reaction mixture was adjusted to 7.0 and incubated for 48-72 hours at room tenq)erature. The mixture 
was passed through a 1 x 90 cm Sepharose CL-6B column in Buffer A, and fractions reacttc^ with anti- 
carrier protein and anti-^DPGA antibodies were pooled. 
10 Products: 

rPAg^ had 30 out of 58 €-Lys-NH2 free (28 Lys were modified by the formaldehyde 
treatment), and die derivatization with SFB converted essentially all 30 €-Lys-NH2 into 4- 
formylbenzoyl-rPA^^ (CHO-tPA^^). Conjugation of CHO-BSA, CHO-rEPA, CHO-rPA or CHO- 
rPA^ with Type V peptides yielded: 
15 BSA-CH0/AH-Gly3-'>DPGAfl.N 

rEPA-CHOyAH-'^PGAfl-.N 
rPA-CH0/AH-7DPGAo-N 
rPAfo„„-CHO/AH-Gly3-iDPGAa-N 

20 Conjugation of BSA-CHO/AH with Type IV peptide via hydrazone linkage 
Step 1 : Derivatization of BSA with SLV 

To BSA (56 mg) m 2.0 ml of Buffer A was added SLV (20 nig) m 200 {A DMSO at pH 7.6 and 
reacted for 1 hoiff at room temperature. The product, BSA-LV-CHO, was passed through a 1 x 48 cm 
Sephadex G-50 column in Buffer A. Protein containing fractions were pooled and assayed for protein 
25 concentration. 

Step 2: Derivatization of BSA-LV-CHO with ADH 

BSA-LV-CHO (35 mg) in 1.5 ml of 0.2 M phosphate buffer, pH 6.0, was reacted with adipic 
acid dihydrazide (250 mg) at pH 6.0 in the presence of 100 /il of borane-hydride-pyridine conplex (800 
^moles) for 48 hours. The product BSA-LV-CHO/AH, was passed through a 1 x 48 cm Sq>hadex G- 
30 50 column in Buffer A. BSA containing fractions were collected, analyzed for protein concentration, 
and the degree of -AH derivatization. 

Step 3: Conjugation ofBSA-LV-CHO/AHwitii Type IV peptide 

BSA-LV-CHO/AH (20 mg) in 1.5 ml of 0.2 M phosphate buffer, pH 6.0, was mixed with 10 
mg Type IV peptide, pH 6.0. After 60 minutes, 100 ^1 of borane-hydride-pyridine con:9)lex (800 
35 fimoles) was added, and after 48 hours the product was passed through a 1 x 48 cm Sephadex G-50 
column in Buffer A. Fractions reacting with anti-BSA and anti-TDPGA antibodies were pooled. 
Conjugation of BSA-LV-CHO/AH witii Type IV peptide yielded: 
BSA-SL-AH/CHO-Glya-iDPGAo-C 
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Immunization 

Five- to six-week old female NIH GP nricc were imnninized s.c. 3 times at 2-week intervals 
with 2.5 Mg -yPGA as a conjugate in 0.1 ml of PBS, and groups of 10 mice were exsai^uinated 7 days 
after the second or third injections (Schneerson et aL, J, Escp. Med, 152:361-76, 1980). Controls 
received PBS. 



Antibodies 

Serum IgG antibodies were measured by EUSA (Taylor et al. Infect Immun, 61 :3678-87, 
1993). Nunc Maxisoib plates were coated wiA -yDPGA, 20 fig/ml PBS or 4 /ig rPA/ml PBS. Plates 
were blocked with 0.5% BSA (or with 0.5% HSA fox assay of BSA conjugates) in PBS for 2 hours at 
ioamten5)erature. A MRXDynatech reader was used. Antibody levels were calculated relative to 
standard sera: for 7DPGA, a hyperimmune murine serum, prepared by multiple i.p. injections of 
formalin-treated B, anthrads strain A34 and assigned a vahie of 100 EUSA units (EU), for PA a mAb 
containing 4.7 mgAb/ml(Litae€M/.,/n/ecf./mmim. 56:1807-13^ 1988). Results were computed with 
an EUSA data processing program provided by the Biostatistics and Infoimation Management Branch, 
CDC (Plikaytis et al, User's Manual 12 CDC, Version 1.00, 1996). IgG levels are expressed as 
geometric mean (GM). 



20 Opsonophagocytosis 

Spores of 5. anthrads, stram A34, were maintamed at 5 x 10* spores per ml in 1% phenol. 
The human cell Ime, HL-60 (CCU40, ATCC, RockWlle, MD) was expanded and differentiated by 
dimethyl formamide into 44% myelocytes and metamyelocytes, and 53% band and polymorphonuclear 
leukocytes (PMLs). PMLs were at an effector/taiget cell ratio of 400:1. PMLs were centri&ged and 
25 resuspended in opsonophagocytosis buffer (Hanks' buffer wifli Ca^* Mg^^and 0.1% gelatin (Life 

Technologies, Grand Island, NY)) at 2 x lO' cells per ml. Spores were cultured at 5 x 10^ spores per ml 
for 3 hours in 20% CO2, and diluted to 5 x 10^ spores per ml. Sera were diluted 2-fold with 0.05 ml of 
opsonophagocytosis buffer, and 0,02 ml (containing approximately lO' bacteria) were added to each 
well of a 24.well tissue culture plate (Falcon, Franklin Lakes, NJ). The plates were incubated at 37*'C 
30 in 5% CO2 for 15 min. A 0.01 ml of aliquot of colostrum-deprived baby calf serum (conplement) and 
0.02 ml of HL-60 suspension containing 4 x 10^ cells was added to each well, and incubated at 37°C in 
5% CO2 with mixing at 220 rpm for 45 minutes. A 0.01 ml aliquot from each weU was added to tiyptic 
soy agar at 50**C, and CFU determined the next morning. 

Opsonophagocytosis was defined by ^0% KUing con^ared with the growfli in control wells 
35 (Romcro-Steiner et al, Clin. Diagn, Lab. Immunol 4:415-33, 1997). 



Statistics 

ELISA values are expressed as the GM. 
different groups of mice. 



An unpaired / test was used to compare GMs in 
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Exanqile 2 
Serum IgG Anti^PGA Antibodies 

This example demonstrates that conjugates of A anthracis tDPGA and of B.pumilus 
5 tD/LPGA elicited IgG anti-TDPGA antibodies. 

Native 7DPGA from the capsule of B, anthracis elicited trace levels of antibodies after the 
third injection (Table 1). All the conjugates, in contrast, elicited IgG anti-TDPGA antibodies after two 
injections (Table 1). Conjugates oiB. anthracis 7DPGA and ofB.pumilus 7D(60%)/L(40%)PGA 
elicited IgG anti-^DPGA antibodies of intermediate levels after two injections with a booster after the 
1 0 third (Table 1). However, precipitates were formed during the synthesis of botii conjugates, resulting in 
low yields. This problem was not encountered when preparing flie syndietic 7PGA conjugates. 

The highest levels of anti-TDPGA antibodies were achieved with peptide decamers at a density 
(peptide chains to carrier molecule) of 16:1 for rPA/Cys-GlyrrOPGAio-Q and of 11:1 and 14:1 for 
rPA-SH/Gly3-7DPGA,o-C (Table 1). rPA was a more effective carrier than rEPA or BSA (Table 1). 
15 Wifli the exception of rPA-SH/Glya'-yDPGAio-C, with 1 1 chains per carrier protein, all conjugates 

ehcited a rise in anti-^DPGA antibodies after the tiiird injection (Table 1). Conjugates prepared witii L 
peptides bound at eitiier tiie C- or N-terminus induced low levels of IgG anti-TDPGA antibodies (Table 
1). 
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Table 1 . Conposition and serum geometric mean IgG anti-TOPGA and anti-cairier protein antibodies elicited 
in mice by conjugates ofjPQA with BSA, rEPA and rPA. 





Mol 


Protein 


Anti- 7DPGA' 


Anti-protein^ 


Conjugate 




Second 


Third 


Second 


Third 


tdpga 

per mol 
protein 


per 
7DPGA 
(wt/wt) 


injection 


injection 


injection 


injection 


iD?GA-B. anthracis 


NA^ 


NA 




A A 

4.4 


XT A 

NA 


XT A 

NA 


tEPA-AH/tDPGA-^. anthracis 


•NA 


1:0^9 


695 


2312 


ND* 


ND 


tPA-AH 'tDPGA-^. anthracis 


NA 


1:4.42 


1325 


3108 


ND 


ND 


BSA-SH/Gly3-'pPGA|o-C^ 


7 


10 14 


134 


1984 


ND 


ND 


BSA-SH/Glya-'yDPGAio-C 


IS 




1882 


1821 


ND 


ND 


BSA-SH/Glya-'yDPGAio-C 


25 


1:0.49 


2063 


2780 


ND 


ND 


BSA-SH/GIys-iLPGAio-C 


7 


1:0.14 


261 


618 


ND 


ND 


rEPA/Cys-Glya- 7DPGA10-C 


7 


1:0.14 


479 


44/0 


ND 


ND 


rEPA-SH/Glya- tDPGAs^ 


17 


1:0.17 




llOo 




ND 


rEPA-SH/Gly3-'^PGA,o-C 


9 


1:0.18 ' 


oil 




XTT* 

riU 


ND 


rEPA-SH/GlyS-iDPGAM-C 


5 


1:0.19 




7Tin 


VTTV 


XTr\ 
ND 


rPA/Cys-Glys- -^PGAs-^ 


32 


1:0.26 






U.UO 




iPA/Cys-Glys- -pPGAio-C 


16 


1:0.26 , 




1 1 7iEQ 


1.311 


5y.i 


rPA/Cys-GIy3- 7OPGA20-C 


14 


1:0.44 


747 




U.Ul 




. rPA/Cys-Glya-'yDPGAj-N 


22 


1:0.18 


3149 


3460 


3.70 


95.0 


rPA/Cys-Gly3- -yDPGAio-N 


21 


1:0.33 


5489 


7516 


0.10 


2.2 


rPA/Cys-Glyj- -yDPGAzo-N 


8 


1:0.25 


2630 


5461 


0.05 


4.9 


rPA-SH/Glyj- -yDPGAs-C 


15 


1:0.12 


1813 


3607 


0.27 


19.7 


rPA-SH/Gly3- yDPGA,o-C 


11 


1:0.18 


10460 


9907 


0.50 


102.0 


rPA^H/Glyj- tOPGAjo-C 


14 


1:0.22 


4378 


7206 


0.34 


66.3 


rPA-SH/GIy3- 7DPGA20-C 


4 


1:0.13 


2655 


4069 


0.90 


32.2 


rPA-SH/Gly3- tDPGAjo-C 


8 


1:0.25 


9672 


7320 


0.22 


189.0 


rPA/Cys-Gly3- ')LPGA2o-N 


22 


1:0.70 


24 


79 


0.14 


3.0 


rPA/Cys-Glys- -vLPGAao-C 


24 


1:0.76 


155 


437 


0.31 


7.8 


BSA-AH/CHO-Glya-TDPGAio-C 


12 


1:0.23 


1476 


3354 


ND 


ND 


rEPA-AH/CHO-Glyj-TDPGAio-C 


8 


1:0.15 


807 


2099 


1 


14 


rPA.AH/CH0-Gly3-'>DPGA,(rC 


22 


1:0.34 


ND 


ND 


ND 


ND 


BSA-CHO/AH-Gly3-7DPGA,(rN 


8 


1:0.17 


185 


1139 


ND 


ND 


rEPA-CHO/AH-7DPGA,5-N 


6 


1:0.18 


ND 


ND 


ND 


ND 


rPA-CHO/AH-7DPGA,5-N 


5 


1:0.12 


ND 


ND 


ND 


ND 


rPAfi^-CHO/AH-Glya-lDPGAio-N 


29 


1:0.45 


ND 


ND 


ND 


ND 


BSA-SL-AH/CHO- Glyj-iDPGAio-C 


3 


1:0.06 


103 


822 


ND 


ND 


rEPA/Cys--7DPGA,5-N 


ND 


ND 


ND 


ND 


ND 


ND 


rPAf^Cys-Glya- 7DPGA10-N 


15 


1:0.23 


ND 


ND 


ND 


ND 



7DPGA from 5. anthracis (strain A34), 2.5 /ig as a conjugate used for injection antibodies by ELBA 
expressed as EU. 

^Antibodies by ELISA e?q)ressed as ^g Ab/ml. 

^Not applicable 

^otdone 

^ or N refers to the free amino acid on the 7PGA bound to the protein. 
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A dose response of two 7DPGA coqugates with /PA and rEPA as the earner showed that rPA 
was a more effective carrier Oan rEPA (Table 2). Botti pq)tides had 20 glutamic acid lesidues, and 
similar number of chains per carrier protein. The lowest dose (2.5 ^g) of rPA-SH/Glyj-TDPGA-C 
elicited die highest level of IgG anti-TDPGA antibodies (9»133 EU, Table 2). The levels declined about 
5 half fliat at the 20 ^g dose (Table 2). rEPA-SH/Glyj-iDPGA-C, in contrast, elicited similar levels at all 
dosages (Table 2). 



Table 2. Dose/immunogenicity relation of conjugates prepared with 20-mers of 7DPGA bound to rPA 
or rEPA. 





MolyDPGA/ 


Protein/yDPGA 


Dose/ mice 


Anti-yDPGA 


Conjugate 


inoi protein 


(wt/wt) 


(MgyDPGA) 


3"* injection 


rPA-SH/Qlyj-yDPGAarC 


8 


1:0.25 


2.5 


9152 








5 


7070 








10 


3487 








20 


4901 


rEPA-SH/Gly,-yDPGA2o-C 


6 


1:0.23 


2.5 


1956 








5 


2393 








10 


2639 








20 


2834 



Five- to six-week old NIH general purpose mice (n = 10) injected s.c. with 0.1 ml of die conjugates two 
weeks apart and exsanguinated seven days after the third injection. IgG anti-'yDPGA was measured by 
ELISA and the results expressed as the geometric mean (9,152 vs. 3,487, P=0.003; 9,152 vs. 4,901, 
PN).04; 9.152 vs. 1,956, P<0.0001; 7,070 vs. 2^93, P<0.0001). 

1 5 The relationship between ^DPGA conjugate dosage and imniunogenicity was further examined 

using a ^yDPGA-rPA conjugate (rPA/Cys-GIys- -yDPGAjcrN, with 22 chains per carrier protein) at doses 
ranging from 2.5 ^g to 0.31 ^g per mouse (with 20 fig per mouse for comparison). The optimal 
response to ')DPGA was at 1 .25 [ig per mouse (Table 3). The response to rPA increased with a higher 
immunizing dose (Table 3). 



20 



Table 3. Dose/immunogenicity relation of conjugate prepared with 10-mer of ^yPPGA bound to rPA. 



Dose 
^g/mouse 


Anti-TDPGA 


Anti-rPA 


2*^ injection 


3"* injectioa 


2"* injection 3"* injection 


20 




3716 


437 


2.5 


2231 


5812 


2 206 


U5 


2314 


6241 


2 118 


0.63 


984 


4943 


0.6 37 


OJl 


493 


3480 


0.3 9 



25 



The effect of adjuvant on immunogenicity was studied using two TDPGA-rPA conjugates. 
Injection of the conjugate with aluminum hydroxide improved significantly the immune response to 
rPA (Table 4). The anti-^DPGA levels were not statistically different (Table 4). 
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Table 4, Fonnuhtion efiFect. 



Conjugate 


Dose 


Aoti-TDPGA 


Aiiti-d>A 






Hgfyacme 


2"* injection 


3"^ injection 


l*** injection 3"* 


injection 


rPA/Cys-Glyj- -yDPGAio-N 


2.5 


2231 


5812 


2 


206 




2.5 + al* 


3527 


6231 


80 


282 


rPA/Cys-Glyj- -yDPGAio-C 


2.5 


1041 


2315 


1 


185 




1 




2880 




61 




1+fonn** 




2556 




23 




1+aI 




3975 




258 




l+fonn/al 




3268 




297 


* almnmuin hydroxide (Alhydrogel) 



** formaldehyde treatment (Poiro et al, J. Infect Dis, 142:716-24, 1980; Nencioni et aL Infect 
/wwi/H. 59:625-30, 1991). 



10 
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Examples 

Serum IgG Anti-Carrier Protein Antil>odies 

This example demonstrates that conjugates of 5. anthracis -pPGA elicited IgG anti-camer 
protein antibodies in addition to anti-TDPGA antibodies. 

With few exceptions, both the lengdi and number of -pPGA chafais per carrier protein were 
related to the level of IgG anti-carrier protein antibodies (Table 1). Conjugates prepared wifli ^DPGA 
polypeptides containing 20 residues elicited low levels of carrier protein antibodies (Table 1). 
Conjugates prepared with either 5 or 1 0 glutamic acid residues pre chain, and conjugates with :S15 
chains per carrier protein elicited the highest levels of IgG carrier protein antibodies (Table 1). 



£xample 4 

Opsonophagocytic Activity of Mouse Antisera 
This example demonstrates tfiat IgG anti-'pPGA antibodies have opsonophagocytic activity. 
Sera from normal mice or those imnwnized witii rEPA or rPA did not have opsonophagocytic 
activity. However, in mice immunized with BSA-SH/Gly3-7DPGA,o-C or BSA-SH/Glyj-TDPGAio-C 
diere was a correlation between the level of IgG anti-TDPGA antibodies and opsonophagocytosis 
(/=0.7, /N).03, Table 5). Addition of -yDPGA from B. anthracis to Ac immune sera showed a dose- 
related reduction of the opsonophagocytic titer of approximately 60%. 
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Table 5. Opsonopliagocytic activity and IgG anti-iDPGA antibodies (ELISA) elicited by BSA- 
SHyOIya-TOPG Aio-C. 



Sera 


IgGanti-iDPGA 


Rec^nocal 
opsonophagocytic titer 


1196G 


407 


Not detected 


1195C 


1,147 


640 


1197B 


3,975 


2,560 


1190H 


3330 


2,560 


1194D 


3,278 


2,560 


1193B 


3,178 


2,560 


1194G 


3,277 


2,560 


11911 


5.191 


5,120 



Comlatioii coefficient between £LISA and recifirocal c^onophagocytic titer is 0.7, P=0.03, 

5 Example 5 

Methods for Preparing Peptide and Protein Mimetics 
This example describes methods for preparing peptide and protein mimetics modified at die N- 
temiinal amino group, the C-terminal caifooxyl groi^>, and/or changing one or more of the amido 
linkages in the peptide to a non-amido linkage. It is imderstood that two or more such modifications 

10 can be coupled in one peptide or protein munetic stracture (for exan^le, modification at the C-terminal 
carbo3^1 group and inclusion of a --CH2 -carbamate linkage between two amino acids in the peptide). 

For N-tennmal modifications, peptides typically are syndiesized as die fi-ee acid hut, as noted 
above, can be readily prepared as the amide or ester. One can also modify the amino and/or carboxy 
terminus of peptide cos^oimds to produce other compounds useful within the disclosure. Amino 

15 terminus modifications include methylating (that is, — NHCH3 or -NH(CH3)2), acetylating, adding a 
carbobenzoyl group, or blocking the amino terminus with any blocking group containing a carboxylate 
functionality defined by RCOO— , where R is selected from the group consisting of naphthyl, acridinyl, 
steroidyU and similar groups. Carboxy terminus modifications include replacing the free acid with a 
caiboxamide group or forming a cyclic lactam at the carboxy terminus to introduce structural 

20 constraints. Amino terminus modifications are as recited above and include alkylating, acetylating, 

adding a catbobenzoyi group, forming a succinimide group, and die like. The N-terminal amino groiq) 
can then be reacted as follows: (A) to form an amide group of die formula RC(0)NH— where R is as 
defined above by reaction with an acid faalide (for example, RC(0)C1) or acid anhydride. Typically, the 
reaction can be conducted by contacting about equimolar or excess amounts (for exanq)le, about 5 

25 equivalents) of an acid halide to the peptide in an inert diluent (for example, dichloromethane) 
preferably containing an excess (for example, about 10 equivalents) of a tertiary amine, such as 
diisopropylethylamine, to scavenge the acid generated during reaction. Reaction conditions are 
otherwise conventional (for example, room temperature for 30 minutes). Alkylation of the terminal 
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aniino to provide foraloweralkylN-substitationfonowed by rearf 

abovewiBprovideforN-aIkylaniidegR,upofthefomiulaRqo)NR-. (B) to fonn a succiirimide 
group by reaction with succinic anhydride. As before, an approximately equimolar amount or an excess 
of succinic anhydride (for exaniple, about 5 equivalents) can be employed and the amino group is 
5 converted to the succinimide by methods well known in the art including the use of an excess (for 
example, ten equivalents) of a tertiary amine such as diisopropylclhylamine in a suitable inert solvent 
(for example, dichloromethane) (see, for example. U.S. Pat No. 4.612.132). It is understood that die 
succinic group can be substituted with, for example. C2 -C6 alfcyl or -SR substituents dmt are prepared 
in a conventional manner to provide for substituted succinimide at the N-temrinus of the peptide. Such 
10 alkyl substituents are prepared by reaction of a lower olefin (C2 -C6) with maleic anhydride m the 

manner described by Wollenberg et al. (U.S. Pat No. 4.612.132) and -SR substituents are prepared by 
reaction of RSH with maleic anhydride where R is as defined above. (C) to form a benzyloxycarbonyl- 
-NH- or a substituted benzyloxycarbonyl-NH- group by reaction with approximately an equivalent 

amount or an excess of CBZ-a(lhat is. benzyloxycarbonylchloride)orasubstitu.edCBZ^ina 
suitable inert diluent (for example, dichloromelhane) preferably containing a tertiary amine to scavenge 

the acid generated during the reaction. (D)tofomiasulfonamide group by reaction with an equivalent 
amount or an excess (for example, 5 equivalents) of R^(0)2a in a suitable inert dOuent 
dichloromelhane) to convert the terminal amine into a sulfonamide where R is as defined above. 
Preferably, the inert diluent contains excess tertiary amine (for example, ten equivalents) such as 
diisopropylethylamine. to scavenge the acid generated during reactioa Reaction conditions are 
ofoerwise conventional (for example, room temperature for 30 minutes). (E) to form a carbamate gronp 
by reaction with an equivalent amount or an excess (for example, 5 equivalents) of R-0C(0)C1 or R- 
OC(0)OC6H4 -P.N02 in a suitable inert diluent (for example, dichloromethane) to convert the terminal 
amineintoacarbamatewhereRisasdefinedabove. Preferably, the inert diluent contains an excess 
(for example, about 10 equivalents) of a tertiary amine, such as diisopropylefliylamme. to scavenge any 
acid generated during reaction. Reaction conditions are otherwise conventional (for example, room 
temperatureforSOminutes). (F) to form a ureagroup by reaction wife an equivalent amount or an 
excess (for example. 5 equivalents) of R~N=O0 in a suitable inert diluent (for example, 
dichloromethane) to convert the terminal amine into a urea (that is, RNHqO)NH-) gtoi^ where R is 
as defined above. Preferably, the inert diluent contains an excess (for exanple, about 10 equivalents) of 
a tertiary amine, such as diisopropylethylamine. Reaction conditions are otherwise conventional (for 
exarqjle. room ten^wrature for about 30 minutes). 

In preparing peptide mimctics wherein the C^erminal cart)oxyl group is replaced by an ester 
(that is. -C(0)OR where R is as defined above), resms as used to prepare peptide acids are typically 
employed, and the side chain protected peptide is cleaved with base and the appropriate alcohol, for 

example, methanol. Side chain protecting greups arb then removed in the usual feshion by treataent 
with hydrogen fluoride to obtain flie desired ester. 
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In preparing peptide misietics vAerein the C-terminal carboxyl group is replaced by die amide 
-C(0)>IR3R4, a benzhydrylamine resin is used as the solid support for peptide synthesis. Upon 
conq>letion of the syndiesis, hydrogen fluoride treatment to release flie peptide from fhe siq)port results 
diiecdy in the free pq)tide amide (Aat is, die C-terminus is -C(0)NH2). Alternatively, use of the 

5 chloromediylated resin during pq>tide synthesis coupled with reaction with ammonia to cleave the side 
chain protected peptide from the support yields the free peptide amide and reaction with an aOcylamine 
or a dialkylamine yields a side chain protected alkylamide or dialkylanude (diat is, the C-terminus is — 
C(0)NRR1 where R and Rl are as defined above). Side chain protection is then removed in Ae usual 
fashion by treatment with hydrogen fluoride to give the free amides, alkylamides, or dialkylamides. 

0 In odier embodiments of the disclosure, the C-terminal carboxyl gfo\xp or a C-tenninal ester of 

a biologically active peptide can be induced to cyclize by internal displacement of the —OH or die ester 
(-OR) of ^ carboxyl groi^ or ester respectively with die N-tenninal amino groi^ to form a cyclic 
peptide. For exan^le, after synthesis and cleavage to give the peptide acid, die free acid is converted to 
an activated ester by an appropriate carboxyl group activator such as dicyclohexylcarbodiimide in 

5 solution, for example, in methylene chloride (CH2C12), dimediyl formamide mixtures. The cyclic 
peptide is then formed by internal displacement of the activated ester with the N-temiinal amine. 
Internal cyclization as opposed to polymerization can be enhanced by use of very dilute solutions. Such 
methods are well known in the art 

One can cyclize active peptides for use widiin the disclosure, or incoiporate a desamino or 

0 descarboxy residue at the termini of the peptide, so that there is no terminal amino or carboxyl group, to 
decrease susceptibility to proteases, or to restrict the conformation of the peptide. C-terminal functional 
groups among peptide analogs and mimetics of the present disclosure include amide, amide lower alkyl, 
amide di(lower alkyl), lower alkoxy, hydroxy, and carboxy, and the lower ester derivatives diereof, and 
the phannaceutically acceptable salts diereof. 

5 Other methods for making peptide and protein derivatives and mimetics fr>r use within the 

methods and con^sitions of the disclosure are described in Hruby et al^ (Biochenu J. 268:249-62, 
1990). According to these methods, biologically active peptides and proteins serve as structural models 
for non-peptide mimetic confounds having similar biological activity as the native peptide or protein. 
Those of skill in the art recognize that a variety of techniques are available for constructing compounds 

0 with the same or similar desired biological activity as the lead peptide or protein compound, or that 
have more favorable activity than the lead with respect a desired property such as solubility, stability, 
and susceptibility to hydrolysis and proteolysis (see, for exanqjle, Morgan and Gainor, Ann, Rep. Med 
Chenh 24:243-52, 1989). These techniques include, for example, replacing a peptide backbone with a 
backbone composed of phosphonates, amidates, catbamates, sulfonamides, secondary amines, and/or 

5 N-mefhylamino acids. 

Peptide and protein mimetics wherein one or more of the peptidyl linkages (-C(0)NH-) have 
been replaced by such linkages as a -CH2 -carbamate luikage, a phosphonate linkage, a -CH2 - 
sulfonanude linkage,, a urea linkage, a secondary amine (— CH2NH— ) linkage, and an alkylated peptidyl 
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linkage (-qO)NR6 - where R6 is lower alkyl) are prepared, for example, during conventional peptide 
synthesis by merely substituting a suitably protected amino acid analogue for the amino acid reagent at 
the appropriate point during synthesis. Suitable reagents inchide, for example, amino acid analogues 
wherein die carboxyl group of die amino acid has been repboed with a moiety suitable for forming one 
5 of the above linkages. For example, if one desires to repbce a -C(0)NR- linkage in die peptide with a 
-CH2 -carbamate linkage (-CH20C(0)NR-), tiien the carboxyl (-COOH) group of a suitably 
protected amino acid is first reduced to the -CH20H group which is then converted by conventional 
methods to a -OC(0)Cl functionaUty or a para-nitrocarbonate -OC(0)0-CdH4-p-N02 functionality. 
Reaction of eitiier of such functional groups widi die free amine or an alkylated amine on the N- 
10 terminus of the partiaUy &bricated peptide found on die sohd support leads to tfie formation of a - 
CH20C(0)NR- linkage. For a more detailed description of die formation of such -CH2 -carbamate 
linkages,see.foraan9le,C3ioefa/.,&:tence261:1303-0S, 1993. 

Rq>lacenient of an amido Imkage m an active peptide widi a -CH2 -sulfonamide Imkage can 
be achieved by redudng die carboxyl (-COOH) group of a suitably protected amino acid to flie - 
1 5 CH20H group, and die hydroxyi group is dien convwted to a suitable leavmg group such as a tosyl 

group by conventional mediods. Reaction of die derivative widi, for exanyle, tfaioacetic acid followed 
by hydrolysis and oxidative chlorination will provide for die -CH2-S(0)2a functional group yAdch . 
replaces die carboxyl group of die oflierwise suitably protected ammo acid. Use of fliis suitably 
protected amino acid analogue in peptide syndiesis provides for inclusion of an -CH2S(0)2NR- 
20 linkage tiiat replaces die amido linkage in die peptide diereby providing a peptide mimetic. For a more 
complete description on die conversion of die carboxyl group of die amino acid to a -CH2S(0)2C1 
group, see, for example. Weinstem and Boris, Chemistry & Biochemistry of Amino Acids, Peptides and 
Proteins, Vol. 7, pp. 267-357. Marcel Dekker, fac.. New York, 1983. Rephcement of an amido linkage 
in an active peptide widi a urea linkage can be achieved, for example, in die manner set forth in U.S. 
25 PatentApplicationSer. No. 08/147,805. 

Secondary amine linkages wherein a -CH2NH- linkage rephices die amido Imkage m die 
peptide can be prepared by employing, for example, a suitably protected dipeptide analogue wherem die 
caibonyl bond of die amido linkage has been reduced to a CH2 group by conventional metiiods. For 
example, in die case of diglycine, reduction of die amide to die amine will yield after deprotection 
30 H2NCH2CH2NHCH2 COOH diat is tiien used in N-protected form in die next coupling reaction. ITie 
preparation of such analogues by reduction of die carbonyl group of die amido Unkage in die dipeptide 
is well known in the art 

The biologically active peptide and protein agents of die present disclosure can exist in a 
monomeric form widi no disulfide bond formed widi die diiol groups of cysteine residne(s) diat may 
35 be present in die subject peptide or protein. Alternatively, an intcimolecular disulfide bond between 
diiol groups of cysteines on two or more peptides or proteins can be produced to yield a multimeric 
(for example, dimeric, tetrameric or higher oligomeric) compound. Certain of such peptides and 
proteins can be cyclized or dimerized via displacement of die leavmg group by die sulfur of a 
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cysteine or homocysteine residue (see, for example. Barker et al,^ J. Med. Chem. 35:2040-48, 1992 
and Or ^ al.^ J. Org. Chem, 56:3 146-49, 1991). Thus, one ox moie native cysteine residues can be 
substituted with a homocysteine. Intramolecular or inteimolecular disulfide derivatives of active 
peptides and proteins provide analogs in which one of the sulfurs has been replaced by a CH2 group 
5 or ofterisostere for sulfur. These analogs can be made via an intramolecular or internaolecular 
displacement, using mediods known in die art. 

Example 6 
Delivery of 7PGA Conjugates 
1 0 This exaxaplG demonstrates that delivery of '^GA conjugates can be enhanced by methods and 

agents diat target selective transport mechanisms and promote endo- or transcytocis of 
macromoloecular drugs. 

In diis regard, the compositions and delivery methods of the disclosure optionally incorporate a 
selective transport-enhancing agent that &cilitates transport of one or more biologically active agents. 

1 5 These transport-enhancing agents can be employed in a combinatorial formulation or coordinate 
adnunistration protocol widi one or more of the peptides, proteins, analogs and mimetics disclosed 
herein, to coordinately enhance delivery of the biologically active agent(s) into target cells. Exemplary 
selective transport-enhancing agents for use within this aspect of the disclosure include, but are not 
limited to, glycosides, sugar-containing molecules, and binding agents such as lectin binding agents, 

20 which are known to interact specifically with epithelial transport barrier con^onents (see, for example^ 
Goldstein etaL,Annu. Rev. Cell Biol 1:1-39, 1985). For exan5)le, specific 'T>ioadhesive" ligands, 
including various plant and bacterial lectins, which bind to ceU sur&ce sugar moieties by receptor- 
mediated interactions can be employed as carriers or conjugated transport mediators for enhancing 
delivery of 7PGA conjugates within the disclosure. Certam bioadhesive ligands for use within the 

25 disclosure will mediate transmission of biological signals to epithelial target cells that trigger selective 
uptake of the adhesive ligand by specialized cellular tran^rt processes (endocytosis or transcytosis). 
These transport mediators can therefore be en^jloyed as a "carrier system" to stimulate or direct 
selective intake of a -yPGA conjugate within the methods of die disclosure. To utilize these transport- 
enhancing agents, general carrier formulation and/or conjugation methods known in the art are used to 

30 complex or otherwise coordinately administer a selective transport enhancer (for example, a receptor- 
specific ligand) and a ^QK conjugate to trigger or mediate enhanced endo- or transcytosis of the 7PGA 
conjugate into specific target cell(s), tissue(s) or conq}artment(s). 

Lectins are plant proteins diat bind to specific sugars found on the surfice of glycoproteins and 
glycoUpids of eukaryotic cells. Concentrated solutions of lectins have a "mucotractive*' effect, and 

35 various studies have demonstrated rapid receptor mediated endocytosis of lectins and lectin conjugates 
(for example, concanavalin A conjugated with colloidal gold particles) across nnicosal surfaces. 
Additional studies have rq)orted diat the uptake mechanisms for lectins can be utilized for intestinal 
drag targeting in vivo. In certain of these studies, polystyrene nanoparticles (500 run) were covalently 
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coupled to tomato lectin and reported yielded inqm>ved systemic uptake after oral administration to 
rats. In addition to plant lectins, microbial adhesion and invasion &ctors provide a rich source of 
candidates for use as adhesive/selective transport carriers within the compositions and methods of the 
disclosure (see, for exan^jle, Lehr, Oil Rev, Therap. Drug Carrier Syst 1 1:177-218, 1995 and Swann, 
5 Pharmacetitical Research 15:826-32, 1998). Two conqwnents are necessary for bacterial adherence 
processes, a bacterial "adhesin" (adherence or colonization factor) and a receptor on the host cell 
surface. Bacteria causing mucosal infections need to penetrate the mucus layer before attaching 
fliemselves to the epithelial surface. This attachment is usually mediated by bacterial fimbriae or pilus 
structures, although odier cell surface components can also take part in the process. Adherent bacteria 
10 colonize mucosal epitfaelia by multiplication and initiation of a series of biochemical reactions inside 
the target cell through signal transduction mechamsms (with or without the he^ of toxins). 

Associated with these invasive mechanisms, a wide diversity of bioadhesive proteins (for 
example, invasin, intemalin) originally produced by various bacteria and viruses are known. These 
allow for extracellular atUchment of such microoiganisms with an innpressive selectivity for host 
1 5 species and even particular target tissues. Signals transmitted by such receptor-ligand interactions 
trigger the transport of intact, living microorganisms into, and eventually through, epithelial cells by 
endo- and transcytotic processes. Such naturally occurring phenomena can be harnessed (for exan^le, 
by con^Iexing a -yPGA conjugate with an adhesin) according to the teachings herein for enhanced 
delivery of ^PGA conjugates and/or other biologically active congwunds. One advantage of this 
20 strategy is fliat die selective earner partners thus en^loyed are substrate-specific, leaving the natural 
barrier function of epithelial tissues intact against other solutes (see, for example, Lehr, Drug 
Absorption Enhancement, pp. 325-362, de Boer, Ed, Harwood Academic Publishers, 1994). 

Various bacterial and plant toxins that bind epithelial surfaces in a q)ecifilc, lectin-Mce manner 
are also usefiil within the methods and con:5)ositions of the disclosure. For exaiiq)le, dq}htfaeria toxin 
25 enters host cells rapidly by recqjtor mediated endocytosis. Likewise, the B subunit of the E. coli heat 
labile toxin binds to the brush border of intestinal epithelial cells in a highly specific, lectin-like 
manner. Uptake of this toxin and transcytosis to the basolateral side of the enterocytes has been 
reported in vivo and in vitro. OAer researches have caressed the transmembrane domain of diphthma 
toxin in E. coli as a maltose-binding fusion protein and coupled it chemically to high-Mw poIy-L- 
30 lysine. The resulting complex was successfully used to mediate internalization of a reporter gene in 
vitro. In addition to these exaii5)les, Staphylococcus aureus produces a set of proteins (for example, 
staphylococcal enterotoxin A, staphylococcal enterotoxin B and toxic shock syndrome toxin 1) which 
act both as superantigens and toxins. Studies relating to these proteins have reported dose-dependent, 
facilitated transcytosis of staphylococcal enterotoxin B and toxic shock syndrome toxin 1 in Caco-2 
35 cells. 

Various plant toxins, mosfly ribosome-mactivating proteins, have been identified that bind to 
any mammalian cell surface expressing galactose units and are subsequently internalized by receptor 
mediated endocytosis. Toxins such as nigrin b, saroin, ricin and saporin, viscumin, and modeccin are 
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highly toxic upon oral adnunistratioii (that is, they are r^idly internalized). Therefore, modified, less 
toxic subunits of &ese coio|)ound will be useful within the disclosure to ficilitate the uptake of 7PGA 
conjugates and other biologically active agents> including PA, other bacterial products and analogs, 
variants, derivatives and inimetics thereof. 
5 Viral hemagglutinins include anodier type of transport agent to facilitate delivery of 7PGA 

conjugates and other biologically active agents within the methods and con^sitions of the disclosure. 
The initial step in many viral infections is the binding of surface proteins (hemagglutinins) to mucosal 
cells. These binding proteins have been identified for most viruses, including rotaviruses, Varicella 
zoster virus, semliki forest virus, adenovhuses, potato leafiroll virus, and reovirus. These and other 
1 0 exenq)]azy viral hemagglutinins can be en:9>loyed in a combinatorial formulation (for exas^le, a 

mixture or conjugate fomnilation) or coordinate administration protocol with, for exanq>le, one or more 
TPGA conjugates, PA immunogens, other bacterial products, or analogs^ variants, derivatives and 
mimetics thereof. Alternatively, viral hemagglutinins can be enq)loyed in a combinatorial formulation 
or coordinate administration protocol to directly enhance deliveiy of a yPGA conjugate or other 
1 5 biologically active agent within the disclosure. 

A variety of endogenous, selective transport-mediating factors are also available for use within 
tiie disclosure. Exemplary among these are protocytotic transport carriers within the folate carrier 
system^ which mediate transport of the vitamin folic acid into target cells via specific binding to the 
folate receptor (see, for exan?)le, Reddy et aL, Crit. Rev. Ther. Drug Car. Syst 15:587-27, 1998). This 
20 receptor system has been used in drug-targetuig i^proaches to cancer cells, but also m protein delivery, 
gene deliveiy, and taigeting of antisense oligonucleotides to a variety of cell types. Folate-drug 
conjugates are well suited for use within the methods and compositions of the disclosure, because they 
allow penetration of target cells exclusively via folate receptor-mediated endocytosis. When folic acid 
is covalentiy linked to a biologically active agent, folate receptor bmding affinity (KIX-IO-IOM) is not 
25 significantly conapromised, and endocytosis proceeds relatively unhindered, promoting uptake of the 
attached active agent by the folate receptor-expressing cell. 

In addition to the folate receptor pathway, a variety of additional methods to stimulate 
transcytosis within the disclosure are directed to the transferrin receptor pathway, and the riboflavin 
receptor pathway. In one aspect, conjugation of a 7PGA conjugate or other biologically active agent to 
30 riboflavin can effectuate receptor mediated endocytosis uptake. Yet additional embodiments of the 
disclosure utilize vitamin B 12 (cobalamin) as a specialized transport protein (for example, conjugation 
partner) to &cilitate entry of ']^GA conjugates and other biologically active agents into target cells. 
Certain studies suggest that diis particular system can be en^loyed for mucosal deliveiy into the 
intestine. Still otiier embodiments of the disclosure utilize transfeirin as a carrier or stimulant of 
35 receptor mediated endocytosis of mucosally delivered biologically active agents. Transferrin, an 80 
kDa iron-transporting glycoprotein, is efficiently taken up into cells by receptor mediated endocytosis. 
Transferrin receptors are foimd on the surface of most proliferating cells, in elevated numbers on 
erythroblasts and on many kinds of tumors. Each of the foregoing agents that stimulate receptor- 
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mediated transport can be employed within the methods of the disclosure as combinatorially fonnubted 
(for example, conjugated) and/or coordinately administered agents to enhance receptor-mediated 
transport of 7PGA conjugates and other biologically active agents, including, PA, earners, linkers, and 
o&er bacterial toxins and analogs, variants, derivatives and mimetics thereof. 

Immunoglobulin transport mechanisms provide yet additional endogenous pathways and 
reagents for enhancing delivery of 7PGA conjugates and other active agents within the methods and 
conqwsitions of tibc disclosure. Receptor-mediated transcytosis of immunoglobulin G (IgG) across the 
neonatal small intestine serves to convey passive immunity to many newborn mammals. Within the 
methods and conpositions of the present disclosure, IgG and odier immune system-related carriers 
(including polyclonal and monoclonal antibodies and various fiagments thereof) can be conplexed or 
otherwise coordinately administered with iPGA conjugates and oAer biologically active agents to 
provide for targeted delivery, typically by recqstor-mediated transport For exan^le, the 7PGA 
conjugate or other biologically active agent can be covalentiy linked to the IgG or otiier immunological 
active agent or, alternatively, formulated in liposomes or other carrier vehicle which is in turn modified 
1 5 (for exan^le, coated or covalentiy linked) to incoiporate IgG or otiber immunological transport 

enhancer. In certain embodiments, polymeric IgA and/or IgM transport agents are en^loyed, which 
bind to the polymeric immunoglobulin receptors of target epithehal cells. Within these n^thods, 
expression of polymeric immunoglobulin receptors can be enhanced by cytokines. 

Within more detailed aspects of the disclosure, antibodies and other immunological transport 
agents can be themselves modified for enhanced delivery of 7PGA conjugates or other biologically 
active agents. For example, antibodies can be more effectively administered within the methods and 
compositions of the disclosure by charge modifying techniques. In one such aspect, an antibody drug 
delivery strategy involving antibody cationization is utilized that fecilitates bolh trans-endotfaelial 
migration and target cell endocytosis (see, for exan^le, Paidridge, et a/., JPET286:54S^, 1998). In 
25 one such strategy, the pl of tibe antibody is increased by converting sur&ce carboxyl groups of the 

protein to extended primary amino groins. These cationized homologous proteins have no measurable 
tissue toxicity and have minimal immunogenicity. In addition, monoclonal antibodies can be cationized 
with retention of affinity for the target protein. 

Additional selective transport-enhancing agents for use within the disclosure include whole 
30 bacteria and viruses, including genetically engineered bacteria and viruses, as well as conponents of 
such bacteria and viruses. This aspect of the disclosure includes flie use of bacterial ghosts and subunit 
constructs, for example, as described by Huter^ a/., y. ControlRd. 61:51-63, 1999. Bacterial ghosts 
are non-denatured bacterial cell envelopes, for exanq)le as produced by the controlled expression of tiie 
plasmid-encoded lysis gene E of bacteriophage PhiX174 in gram-negative bacteria. Protein E-specific 
35 lysis does not cause any physical or chemical denaturation to bacterial sur&ce structures, and bacterial 
ghosts are therefore useful m development of inactivated whole-cell vaccines. Ghosts produced from 
Actinobacillus pleuropneumoniae, Pasteurella haetnofytica and Salmonella sp, have proved successful 
in vaccination experiments. Recombinant bacterial ghosts can be created by the expression of foreign 
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genes fused to a nsembrane-taigetmg sequence, and Ibus can cany foreign tiierapeutic peptides and 
proteins anchored in their envelope. The &ct that bacterial ghosts preserve a native cell wall, including 
bioadhesive structures like fimbriae of their living counterparts, makes Oiem suitable for flie attachment 
to specific target tissues such as mucosal sur&ces. Bacterial ghosts have been shown to be readily 
5 taken up by macrophages, thus adhesion of ghosts to q)ecific tissues can be followed by uptake through 
phagocytes. 

In view of the foregoing^ a wide variety of ligands involved in receptor-mediated transport 
mechanisms are known in the art and can be variously enployed within the methods and con^sitions 
of the disclosure (for exan^le, as conjugate partners or coordinately administered dehvery enhancers) 

10 to enhance delivery or receptor-mediated transport of 7PGA conjugates and otlier biologically active 

agents, inchidix^ PA or other bacterial products. Generally, diese ligands include hormones and growth 
factors, bacterial adhesins and toxins, lectins, metal ions and dieir carriers, vitamins, immunoglobulins, 
whole viruses and bacteria or selected contqionents thereof Exemplary ligands among these classes 
include, for example, calcitonin, prolactin, epidermal growth factor, glucagon, growth hoimone, 

15 estrogen, lutenisdng hormone, platelet derived growth fector, &yroid stimulating hormone, thyroid 

• hormone, cholera toxin, diphtheria toxin, E, coli heat labile toxin. Staphylococcal enterotoxins A and B, 
ricin, saporin, modeccin, nigrin, sarcin, concanavalin A, transcobalantin, catecholamines, transferrin, 
folate, riboflavin, vitamin Bl, low density lipoprotein, maternal IgO, polymeric IgA, adenovirus, 
vesicular stomatitis virus, Rous sarcoma virus, V. cholerae, Klebsiella strains, Seiratia strains, 

20 parainfluenza virus, respiratory syncytial virus, Varicella zoster, and £nterobacter strains (see, for 
exanople, Swann, Pharmaceutical Research 15:826-32, 1998). 

In certain additional embodiments of die disclosure, membrane-permeable peptides (for 
example, '^arginine rich peptides'^ are CTployed to &cilitate delivery of 7PGA conjugates or other 
biologically active agents of die disclosure. While the mechanism of action of these pq>tides remains 

25 to be fully elucidated, they provide useful delivery enhancing adjuncts for use within the 
compositions and methods herein. In one exan:q)le, a basic peptide derived from human 
immunodeficiency virus (HIV)-l Tat protein (for exanq)le, residues 48-60) facilitates translocation 
through cell membranes and can be utilized for enhancing delivery of exogenous proteins and 
peptides into cells. The sequence of Tat (GRKKRRQRRRPPQ, SEQ ID NO: 1) includes a highly 

30 basic and hydrophilic peptide, which contains 6 arginine and 2 lysine residues in its 13 amino acid 
, residues. Various other arginine-rich pq)tides have been identified which have a translocation 
activity similar to Tat-(48-60). These include such peptides as the D-amino acid- and arginine- 
substituted Tat-(48-60), the RNA-binding peptides derived from virus proteins, such as HTV-l Rev, 
and flock house virus coat proteins, and the DNA binding segments of leucine zipper proteins, such 



35 as cancer-related proteins c-Fos and c-Jun, and the yeast transcription factor GCN4 (see, for exan^le, 
Futaki et aU Biol Chein. 276:5836-40, 2000). 
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WhUe diis disclosure has been descxibed with an enq)hasis upon preferred embodiments, it 
will be obvious to those of ordinary skill in the art that variations of the preferred embodiments may 
be used and it is intended ttat die disclosure may be practiced odierwise than as specifically 
described herein. Accordingly, fliis disclosure includes all modifications encon^iassed within die 
5 spirit and scope of the disclosure as defined by flie claims below. 



